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Introducltrm 

In a previous tommunication (SubrAmanmn, IDIT). some of the criticisms 
offered bv some of the cytologists against the existence of the Golgi apparatus 
in the cell have been discussed and it was shown that these criticusms, if 
accepted, would render critical, histological and cytological studies impossible 
It was pointed out that the reasons for denying the e-sistenco of the Golgi 
apparatus were —(1) Some cytologists were paying more attention to the 
technique allowing its moriihology, position in the cell, size, constitution 
and function to fade into the background , (2) a tendency to consider the 
apparatus more as a substance than as. a living inclusion , and (.1) the intro- 
duction of personal bias, resulting in a mistaken— though unintentional- 
interpretation of the results of other workers Nowhere is this more true 
than in the study of the Golgi apparatus in Proto,ioa This state of affairs 
has reached such a stage that we feel a clearing of some of the issues may be 
highly useful Hence, in this communication, wc shall deal with some of 
the anomalies in interpretation of results and also the contention of some 
that the vacuome and Golgi app.iratus arc one and the same in Protozoa 
Wlule we were going through the liter iturc on Protozoa. Patten and Beams’ 
(1936) paper on the use of the ultra-cenlnfuge on some living flagellates 
apptared These authors eame to the conclusion that the identity of Golgi 
material m Euglcnoid fl.agellatcs is still uncertain Wc were not at all sur- 
prised at tliLs statement in view of the enormous confusion in the field 
Instances of Confusion 

Bowen (1926 i) in his review of the Golgi apparatus, comes to the con- 
clusion from an analysis of various observations, that there is no de novo 
origin of the Golgi apparatus At the same lime Gatenby and N.ith (1920) 
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arrived at an identieal contlusion However, Uiey consider that the iihvlo- 
gcuctic origin of the Golgi apparatus, whether from the nucleus or from 
the cytoplasUi, a different probltiu Thus a tie novo origin of the Golgi being 
not accepted by le.iding cytologists, wc were surprised to read Bowen’s 
(I'lL'Srf) statement thatalogie.il review of the methods for demonstration 
of the Golgi ipparatus in various kinds of Protoroa is rendered impossible 
by the fact that no basis for the identifieatioii of what m.iy or m.iv not be 
the (iolgi .ippaiatus has yet been agreed upon According to Bowen in 
sporozoa alone is there any agreement If the Golgi apparatus does not 
arise de novo, the Golgi ai>par.itus of met.izoa should have evolved from that 
of Proto/o.i If there is agreement .is to what is the Golgi apparatus in any 
one groi'ii of Protozoa, say the sporozoa, the fact Will be admitted th.it 
lonfiision in other groujis should be more due to other causes than due to 
technique, unless i>toi)lasinic behaviour iii sporozoa and other Protozoa 
can be said to be different 

The suggestion made in some quarters (King .ind Gatenby, 1923) that 
the terminal bead of the llagelluni of some primitive flagellate represents 
the Golgi aijparatus has not contributed to a clearing of the position G.ite nby 
supposes that the outer layer of the bead might have been differentiated 
to form .1 hpoid store -house or daborator of i uergy yielding materials ucces- 
Siiv for the nutrition of the locomotor org.in Prom its primitive position 
in the metazoan e-ell. alwavs associ.ited .it some time with the ceiiliosome- 
centrosphere complex, Gatenby believes that iii the early history of the cell 
the Golgi apparatus and the eentrosome were evolved side hy side or the 
apjiaraliis from the eciitrosjihere in some way This speeulatioii which is 
gwiii undue prominence in the review of King (1927) probably led to the 
doubt e\ptessed by Bowen Even after Hirschler’s (1927) and Brown’s 
(1930) demonstration of the Golgi in Sarcodina, Hill In her review (193.3) 
savs that the paiab.es.il hypothesis was supported hv much practical evidence 
pul forward by Diibosrq and Grasse (192t. 1926 a, 192.6 b. 1927, 1928) The 
theory was based on the siijipositions (1) that the chromophoble part of 
the Golgi Ixxlies Is related to the sj.here in some way and that the relation 
between the central apparatus aud the Golgi is not merely topographical , 
(2) that the flagellates were the most primitive Protozoans , ami (3) that the 
Golgi apparatus onginatid m primitive flagellatc-like Protozo.i The fact 
that workers in Protozoa have tried to ]>rovc the existence of the Golgi 
apparatus shows that cvtrybmlv tecls th.it such a structure should occur 
in all Protozoa lusti ad of trying to prove or elisprove the theory of Gatenby, 
Protoioologists seem to have been searching for the material e'omiiosing 
the app.iratus than the actual structure which is a living inclusion That 
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The Golgi Apparatus and the Vacuome in Protozoa 

thi', 1^ tlie case will be seen from Hall’s (1930 «) entiusm that since little is 
known .itiout the (lolgi in Protozoa, the Golgi material lacks the venerable 
antiquity necessary to the founrlation of aii> loneept of a ‘ classical ’ Golgi 
apparatus in Prnto/oa 

CftUtia for the 6o/"f and its Non~Afypltcaiton by Workers 
King and Gatenbv (1921) gave the following criteria according to which 
they consider eirtain bodus seen in the cytoplasm of a toicidiari to be the 
Golgi apparatus (1) Its staining and fixing reactions are kU ntical with 
those of the Golgi bodies of metazoa (2) It occupies an cxccntnc, juxta- 
innlcai position and spreads out in the cell cytoj.lasm as docs the Golgi 
apparatus m many metazoan cells, e g , the egg and the nerve eeU (3) It 
consists mostly of the ver\ < h ir.rctenstically shafied crescents .ind beads 
known in the case ot metazoan cell as dictyosomes (4) As in the metazoan 
cell, these protozoan dictyosomes can be found dividing .iniong themselves 
in the ground cytoplasm (5) Dining division of the cell it becomes sorted 
out into sub-e<pial groups around each nucleus and each idtimatc daughter 
niiclcits has gathered near it a part of the original apparatus This dchin- 
tion is not given due importance in the reviews of King (1927) and Hill 
(1933) and it is clear that application of the above criteria would rule out 
the suggestion that the parabasal bodies, the contractile vacuole and the 
stigma can by themselves constitute the Golgi apparatus Thus having 
lost sight of criteria that define the Golgi apparatus each Protozoologist 
seems to have his or her criteria as to what constitutes the Golgi apparatus 
Thus Brown (1910 u) defines the Golgi appratiis ics follows —(1) Consistent, 
not merely occasional, imiiregiiation by osmic methods , (2) Resistance 

to the usual methods of bleaching after osmication . (3) Consistent imiireg- 
nation by silver methods , (4) Occurrence in Protozoa generally and not mere- 
ly in certain species , (3) General similarity of form m different Protozoa 

A enmpanson of the above criteria with those of King and Gatenbv (192,1) 
will show that some of the important ones have been left out The defini- 
tion of Brown is also in essence that of Hall (1931) who considers that neiltial 
red stains the Golgi apparatus and treats the Golgi apparatus in Protozoa 
as having peculiar staining reactions 'That this is the case will be seen from 
the following statement bv Hall (1930 a) " On the other hand, it must be 
admitted that there are .iblc cvtologists who are not in accord with Bowen 
on this iKiint. and who even go so far as to believe that the ' classical ' Golgi 
apparatus may be a fusion product of discrete inclusions, either neutral red 
stainable globules (Covell and Scott, 1928, Cowdry and Scott, 1928), or in 
part of modified mitochondria fthe ' Icpidosomcs of Parat) ” If this is 
so, we have not been able to understand why Hall should be particular to 
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call Ins neutral red staining globules Golgi apparatus and Golgi bodies 
Applving these criteria Hall describes certain inclusions in Arcella. {Nigrelli 
and Hall, 1930) He savs that these inclusions of Arcella are obviously more 
similar to the so-called ' vacuomt’ (Parat, 1928) than to the Golgi apparatus 
" Hence it would seem that, if vacuome and Golgi material are separate 
and distinct cell constituents, Arcella possesses only inclusions which appa- 
rently belong to the former category ” Hall's conception of the vacuome 
is not apparently Parat’s conception In Peranema (1929) Hall found certain 
neutral red staining globules and unstained vacuoles in the cytoplasm 
'I'hcsc neutral led staining bodies according to him resemble those in sporozoa 
(joyet-bavergne, 1926 . Cowdry and vSeott, 1928) but differ from the vacuoles 
of Euglena (Grasse, 1925), Ceraltum and Pmdtntum (Danegard, 192S) which 
are stained by neutral red and cresyl blue Hall rejects the idea of the 
vacuoles m Peranema being homologous to the vacuoles described by Grasse 
and Danegard because the staining w.is irregular, and only few vacuoles 
were stained in anv one specimen , the staining was always very faint and 
furthermore these vacuoles showed irregularity of reaction to osmic impreg- 
nation which was not observed in the small globules Having thus shown 
the doubtful nature of the bodies we shall now show that his criticisms of 
other workers' observations appear to be not logical at all The Golgi ajipa- 
ratus has been shown by Hirschler to be vesicular and also semi-lunar m 
shape and these bodies were shown to have a duplex structure In none 
of Hall’s pajKts IS there any reference to any duplex structure Hall (1930 a, 
1930 b, 1931) attempts to compare the ‘ osimophilic globules ' of Protozoa 
seen bv him with those of metazoa because of similantv in general form, 
intra-cellular distribution and blackening in osmic and silver impregnation 
The comparison is out of place because shape and structure described m 
metazoan Golgi as well as that described by Hirschler in Endamceba and 
greganues (1927) are not certainly the globules of Hall Hall saw in Chro- 
multna (1930 a) blackened crescents or almost complete rims of small vacuoles 
bordering a less densely impregnated substance He dismisses these appear- 
ances because Parat (1928) showed that incomplete fixation followed by 
osmic impregnation resulted in appearance of such ' crescents ' while longer 
periods of fixation produced only uniformly impregnated globules In 
Da I'ano preparations of Tnchamctba (1930 b) also, he found crescents and 
rings, but he dismisses these, following Parat, as artifacts as longer fixation 
proiluced homogeneously blackened globules Parat’s observatioas and 
opinions are accepted by Hall and collalxirators only to a certain extent 
Full acceptance would have meant acceptance of some of the bodies as 
modified mitochondria or lepidosomes This attempt at reconciliation 
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between two schools of thought divided by a wide gulf becomes all the more 
difficult to understand when wc consider some of the arguments put forward 
by Hall Bowen asserted that the Golgi apparatus in metazoa is not stained 
by neutral red Bowen in his review of Protozoa (1928 d) savs '"In grega- 
rmes {fireganna cuneala, G polymorpha and Stetmna ovalts) Jovet-Lavergne 
(1920 b) finds that after the slow action of a sufficiently dilute neutral red 
solution, small red arcs, strongly coloured, appear in the cytoplasm, each 
bordermg an ovoid mass weakly coloured by neutral red These bodies corres- 
pond exactly with the morphology, sue and location of Golgi bodies demon- 
strated by methods of fixation and staining, and are similarly interpreted 
This sentence is misquoted by Hall in support of hts contention that neutral 
red stains Golgi bodies thus " Joyet-Lavergne (1926) finds that after the 
slow action of a sufficiently dilute neutral red solution, small red arcs (and 
also granules), strongly coloured, appear ” The important point of the 
arcs bordermg the ovoid mass being omitted gives a very different meaning 
to the quotation from Bowen If small red arcs appear in the cytoplasm 
there IS no reason to accept Parat’s suggestion that the crescent-shaped bodies 
are artifacts On the other hand, if they are artifacts, Hall (1931) should 
not have used Joyet-Laveigne’s (1926) evidence of the arcs staining with 
neutral red and blackening with osmic acid and silver nitrate, to argue against 
Beams and Goldsmith (1930), who said that bodies stained by neutral red and 
subsequently impregnated with osmic acid may be due to the direct chemical 
action between osmic acid and neutral red. instead of the action of osmic 
acid upon pre-formed contents of the vacuole Hall's answer is that Joyet- 
l,avergne described osnuophilic inclusions in a number of Protor.o.i based 
on material impregnated by the usual methods without previous treatment 
with Vital dyes " In a later investigation, Joyet-Lavergne (1920) stained 
certain gregarmes vitally with neutral rod and was so impressed with the 
similarity between the neutral red globules and the previously demonstrated 
osmiophilic globules that he concluded the two sets of inclusions must be 
identical ” We have not been able to reconcile the observation of Joyet- 
I,avergne in sporozoa of " small red arcs strongly coloured — each bordering 
an ovoid mass weakly stained with neutral red ” with Hall's statement of 
" neutral red globules and osmiophihc globules" 

Having shown thus far that the attitude taken by Hall is a mistaken 
one, we shall now show that Hall's papers do not give an idea of the ' vacuome ' 
or Golgi being considered as living inclusions When terming any set of 
inclusions, Golgi apparatus or vacuome. Hall should have realised that the 
cytologists deahng with these inclusions have been considering them as 
hvmg inclusions Gatenby even in 1919 has shown that the Golgi have the 
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power to assimilate, grow and divide Even ‘ vacuome ' " appear never 
to arise dt novo (?) but art permanent elements of the cell handed on in cell 
division and in rt production and are presumed to have a status comiiarable 
to that of the nuckus, plastidome and cytome” (Bowen, 1927) That being 
so, during tell division these ‘ globules ' should divide equally between the 
daughter cells and as the number thus becomes reduced they should exhibit 
vegetativt division during c«ll growth In the whole series of papers Hall 
refers to fluttutioiis in numbers only in VorUcella (Hall and Dunihue, 1930) 
and Lhlamydomonas (Hall and Nigrclli, 1931) Even litre he does not deal 
with these tiuctuations as taused bv division as the following observations of 
his would show In difftrtnt specimens of Vorlttdla, he says, the number 
and to some extent, the size of the neutral red globules vary Ciliates from 
one tuUurt may show verv ftw globules as compared with specimens from 
another tulture In one instance, spetiinens from a thret-day culture con- 
taining man> di\idiiig forms, showed very few globules as compared with 
material from older cultures After a week or more however, this thfierence 
was not noticeable 'Tt stems that there is little accumulation of neutral 
rtd globules in Vorltcella during the hrst few days after a culture is started, 
and It IS not until the cihates begin to duide less rapidly that they contain 
man> miitral rtd globules These observations might suggest that the 
vatiiomt bears some relation to the storage of food materials or the accumn- 
lation of waste jiroducts in the cytoplasm ” In Chlamydomonas (Hall and 
Nigrelh, 1931), the larger flagellates usually contain more globules than the 
smaller ones and the larger the globules, the fewer thex art m an\ one siieci- 
mtn 'I'lie appearance of largo globules attording to Hall, cannot be due 
to conditions encountered m sealed slide prtpar,itions smet such variations 
wert seen in flagellates from fresh stock cultures " These variations suggest 
the possible occurrence of fusion or growth of amaller globules am) breaking 
up of larger ones ” Thus Hall and collaborators have no clear cut ideas 
of the division of Golgi bodies 

III coming to a toiitlusion from the above analysis we feel that many 
of the Protozoan workers do not seem to have applied the cnteria which 
define the Golgi apparatus in metazoa This indefinitcncss about what 
constitutes the Golgi apparatus, and an acquaintance, in several cases, with 
papers on Protozoan cytolog>' alone, have led to the mistaken belief that 
the vesicles and rings are artifacts The duplex structure of the Golgi bodies 
is not considered at all and hence any attempt to bring the observations of 
vital staining m Protozoa with those in metazoa is impossible because of the 
fact that no distinction into chromopliihc and chromophobic portioas have 
been distmguished by many of tUe workers who assert that neutral red 
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stains Golgi bodies Joyet Lavcrgne admits that the staining does not 
remain long in the elements This evidenee of temporary staining of the 
Golgi bodies has been used to demonstrate the Golgi matrrial iiid has led 
to the mistaken belief that in Protozoa at least the vacuome ind the Golgi 
apparatus are one and the same thing Criticisms have been offered by 
many that these neutral red staining bodies are volutin, etc Leaving aside 
such criticisms we shall now consider wlu thcr the terms ' vacuome ' and 
Golgi apparatus could be used for the same structure 

According to Hall and Dumluie (1931) the usage of the terms ' vacuome ’ 
bv some workers and ' Golgi apparatus ’ by some others for tile neutral red 
globules seems to be merely a question of terminology rather than anytlimg 
else, since neutral red globules apparently satisfy the essential requirements 
for either classification Such a statement r uses some fundamental issues 
such as (1) what is the Golgi apparatus and (2) what is the vacuome ’ As 
the Golgi apparatus was first demonstrated in metazoan cells and as modern 
conceptions about shape, structure and function of the Golgi apparatus have 
been largely based on the studies of cells from both vertebrates and inverte- 
brates, any structure if it has to be labelled the Golgi apparatus should show 
staining reactions and behaviour as noticed m metazoan cells unless it tan 
be clearly proved that Golgi in Protoro.i have a different structure, behaviour 
and function Hall and Dnnihue after ipiotiug Gateiiby's (1929) statement 
that as the vacuome is not consistently argcntopliil the view tliat the vai nome 
IS the Golgi apparatus is not tenable, remark that whether or not this objec- 
tion of Gatenbv is valid for metazoan cells, it fails to hold in Protozoa since 
a number of different workeis have already shown that neutral red globules 
reaet consistently to silver as well as osiine inqiregnation Suth a state- 
ment does not tarry conviction and it is at best a very curious argument 
In order to understand Hall's position we h.ive to go back to his pajicr 
on " Osiniophilic Inclusions Similar to the Golgi Apparatus m the Flagellates 
Chromultna, Chilomonas and Astasta’ (l9Joa) There he mentions that 
Bowen himself had changed Ins oinmoii reganling the stainabihty of the 
Golgi material from ' certainly not ' to ‘ probablv not ’ and that other able 
cytologists go so far as to lielievc that the ‘ classical ' Golgi apjiardtus may 
be a fusion prodiu t of either neutral red stainable globules or in part of modi- 
fied mitochondrJa He continues that whatevi r mav be the status 
of vital or supra vital staining in the demonstration of the metazoan 
Golgi apparatus there afipears to be no such problem in Protozoa Bowen 
in his survey of the structure of the Golgi apparatus m metazoa (192fi b) 
came to the conclusion that “ the important thing is that the Golgi apparatus 
IS a substance, the exact modelling of which in the cell is purely a matter of 
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secondary interest ” In his " Introduction to the Methods for the Demon- 
stration of the Golgi Apparatus Part I " (1928 a May) while speaking 
generally of the silver technique for the demonstration of the Golgi, he 
mentions that the lack of specificity in staining reaction will doubtless seem 
a very serious drawback, and that in inexperienced hands, sometimes in 
experienced ones, the dangers of misinterpretation are very real However, 
as in the case of silver methods m neurological studies, he feels that there 
la no reason to discount the real value of the technique Rather is it our 
problem he says, to seue upon the results which come to us and make the 
most of them, and that such by-products of efforts to demonstrate the Golgi 
apparatus have sometimes proved more valuable than would have been 
the result had a more specific stain been obtainable The moral of all this 
IS that one should be cartful and that the '' criteria for identification of the 
Golgi apjjaratus in a given case must be based upon its morphology and 
behaviour, not upon its staining capacity 

In his pajier on osmic impregnation (19‘28 r, July) he comes to the con- 
clusion that " of all known methods for demonstrating Golgi material, 
that of osinic impregnation is by far the best ’’ Hall confuses all these 
statements of Bowen and comes to the conclusion " This final decree 
leaves only ‘ morphology and behaviour ' as the fundamental criteria for 
identification of Golgi material ” It will be seen from the chronological 
order in which Bowen’s conclusions are given that the decree attributed 
by Hall to Bowen is not final at all, for it is in a later paper and not in the 
same that Bowen says that osmic acid is the best known substance for the 
demonstration of the Golgi matenal Thus Hall leaves out the stammg 
with osmic acid aud applying the criteria of ‘ morphology and behaviour ’ 
comes to the conclusion that the criterion of behaviour fails to offer any parallel 
between siiorozoa and metazoa According to him if one accepts the 'Golgi 
apparatus ’ of sporozoa as homologous with that of the metazoa in spite 
of the scanty evidence offered by Bowen's single available criterion ‘ mor- 
]iholog> ’, then the logical deduction seems to be that any set of granular, 
globular, elongated or crescent-shaped inclusions m the Protozoa may be 
considered Golgi apparatus provided first, that they are blackened m osmic 
impregnation (,ind withstand the usual bleaching methods) and second 
that they may be distinguished from choiidriosomes An additional cnterion. 
that of vital staining with neutral red may, according to him, be used to 
identify the Golgi matenal of other Protozoa with that found in sporozoa 
Having shown previously that Bowen’s stress upon ‘ morphology and 
behaviour ’ did not weaken hts assertion that osmic acid is the best known 
substance for the demonstration of the Golgi apparatus, we shall now show 
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that ' morphology and behaviour ' arc as important According to Hall 
if one accepts the contention of Bowen that the staining capacity must not 
be relied upon, the onlv other criterion left is the resemblance in shape between 
the sporozoan Golgi elements and the discrete metazoan Golgi bodies which 
vary both in size and form The above statement cannot be accepted since 
King and Gatenby (1923) and Joyet-l,avergne (1924) compare the behaviour 
of the Golgi bodies in various sporozoa to the behaviour of the same cell 
organ m some eggs, sperms and nerve cells 

In somatic or germ cells which are in a quiescent condition the Golgi 
bodies in metazoa generally ocenpv a place near the centriole and just 
before cell division they get scattered throughout the cell and also increase 
in number When the daughter celts separate they have been known to 
be equally divided between the two daughter cells It is this characteristic 
that has been used as one of the criteria by King and Gatenby (1923) to 
identify some bodies seen m Adetea as the Golgi apparatus Hall (1930 a] 
himself mentions that the Golgi apparatus exhibits certain types of 
behaviour in spermatogenesis, secretory cells, etc A critical amdysis of 
these fundamental characteristics has been made by Gatenby even as early 
as 1920 which led him to classify the Golgi apparatus among living ' proto- 
plasmic inclusions ’, as distinguished from ‘ deutoplasmic ’ or non-living 
inclusions Further Gatenby comes to the conclusion (1919) that a uniform 
distribution of the mitochondru and Golgi apparatus during cell division 
has something to do with the control of cell metabolism Growth and 
division of Golgi bodies have been observed during increase in size of the cell 
just prior to division and during intease cellular activity Bowen (1928 i) 
apparently seems to have included the charactenstics which led the Golgi 
apparatus to be included as ‘ protoplasmic inclusions ' under the terms 
‘ morphology and behaviour ’ Another contention of Hall (1930 a) seems 
to be that the dispersed sporozoan Golgi apparatus is not even remotely 
similar in morphology to the original " apparato reticolaro interno ” of 
Golgi and since little is known about this phase of Protozoan cytology the 
Golgi material lacks the venerable antiquity necessary to the foundation 
of any concept of a ‘ classical ’ Golgi apparatus in the Protozoa It should 
be pomted out here that even though Golgi and his pupils conceived of the 
Golgi apparatus as essentially nctwork-like in shape, Weigl was the first 
to show that in invertebrates they had a scattered distribution Weigl’s 
corrosive osmic fixation followed by post-osmication are being used to-day 
and many workers have succeeded m demonstrating the Golgi apparatus 
by Weigl’s technique m secretory cells of both vertebrates and invertebrates 
where though they have different shapes, they have an identical function 
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(see especially Bowen, 1920 a) When it is remembered that GoIri's onRinal 
technique and that of Weigl show networks m vetrebrate somatic cells and 
discrete bodies in invertebrates and germ cells, when different somatic cells 
of vertebrates themselves show discrete bodies (lipoid or skm glands) and 
networks and when networks themselves break up into discrete bodies 
during cell division, the usage of the term Golgi apparatus seems to have been 
based on staining reactions, morphology and behaviour Even in Protowia 
Hall's statement that the Golgi material lacks antiquity seems to be unjustified 
Hirschler even m 1914 demonstrated in sporozoa bodies which showed 
identical structure and behaviour as those found in metazoan cells investi- 
gated by him and hence any work on Protozoa on the Golgi bodies should 
proceed on the fundamental criteria employed bv Hirschler, ui terming 
bodies seen by him m sporozoa as the Golgi apparatus 

Golgi's "apparato reticolaro interno” has been designated by his disciples 
and followers as the Golgi apparatus and this procedure is followed by other 
students of cytology according to priority of nomenclature Proceeding 
on this basis any particular cell inclusion in Protozoa should be termed 
Golgi apparatus if it satislies the conditions according to which a host of 
workers have styled a particular organ of the cell as the ' Golgi apparatus 
in metazoa Hall hints that these discrete inclusions mentioned by him 
in Chromultna, Aslasta and Chilomonas (1930 a) may not be the Golgi bodies 
at all 111 the metazoan sense and that there is a probability of their being 
merely metabolic products winch show the characteristics of Golgi material 
" Until more is known about this aspect of Protozoan cytology, such a 
question cannot be settled one way or another In the meantime, whether 
we accept the rather convincing arguments of Parat or follow tlie some- 
what bewildering dictates of Bowen, there is no reason why these discrete 
inclusions of Protozoa may not be accepted as true Golgi material , since, 
so far as the present criteria for identification of metazoan Golgi apparatus 
extend, these inclusions of Protozoa satisfy all essential requirements 
We have not been able to understand this particular attitude of Hall It is 
surjinsing that after stating the point of view of Parat that the classical 
Golgi apparatus may m part be modified mitochondria Hall suggests the 
acceptance of the discrete bodies as ‘ true Golgi material ' As pointed 
out previously the fact that neutral red does not probably stain the Golgi 
material in metazoa itself shows that the discrete bodies shown by Hall 
do not satisfy all the essential requirements We should like to mention 
here that temporary staining of thechromophobic portion of the Golgi vesicles 
in Meretnx eggs have been noticed by us (Subramaniam, 1937), but never 
could the results be compared with what has been observed by Hall in various 
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Protozoa Neutral red vacuoles m Meretrix arise as segregation products 
and its segregation by the Golgi apparatus is comparable to the secretion 
of fat, fatty yolk and yolk in eggs 

Hall's (1931) reasons for considering the vacuome as the classical Golgi 
apparatus seem to be that (1) the vacuome is consistently blackened m 
osniic impregnation (2) it is resistent to bleaching after osmication , (3) it is 
consistently impregnated by silver methods , (4) so far as available observa- 
tions indicate, form and intra-eellular distribution of the dements of tlie 
vacuome are in general similar throughout Protozoa , and (6) a vacuome 
has been demonstrated in representative species of the major groups of 
Protozoa 

It is surprising that Bowen (1928 d). King (1927) and Hill (1933) who 
noted the disagreement as to what constitutes the Golgi apjiaratus in Protozoa 
have not defined the criteria on which are based the identification of Golgi 
material in metazoa vSuch a clear analysis of the criteria of staining, 
structure, shape and morphology of the Golgi apparatus in the metazoa 
together with what constitutes the vacuome will, we believe, go a long way 
in clearing the position for a study of what constitute^ the Golgi material 
in Protozoa 

Definition of the Golgi Apparatus 

1 The Golgi apparatus is a permanent structural element in the 
cytoplasm universally present in all cells 

2 In quiescent cells generally it has an excentnc juxta-nuclear posi- 
tion 

3 It possesses the power of independent growth and multiplication 
and is passed on from cell generation to cell generation by division processes 
which have been shown to be of special interest 

4 The Golgi apparatus anses only from pre-existing Golgi and does 
not arise de novo 

.l The apparatus assumes various forms and in invertebrates and 
germ cells generally it is constituted by discrete bodies having a duplex 
structure 

6 The apparatus has a lipoidal basis and may also have a second con- 
stituent which IS protein in character 

7 The Golgi material in many cases is set off rather sharply from the 
cytoplasmic background and could sometimes be seen in fresh material 
under ordinary and even dark ground illumination 

8 The apparatus is consistently impregnated by osmic and silver 
technique ahd is resistant to the usual methods of bleaching after osmication. 
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9 The apparatus shows an increase in size following an increase in 
volume of the cytoplasm or during active synthesis of visible granules from 
raw materials m eggs, sperms and secretory cells This h)T)ertrophy is 
by an increase in number mainly in invertebrates and germ cells — also in 
vertebrate lipoidal cells — and by an increase in complexity and size in those 
cells where networks occur 

Parat lays down the following PonUsfor the gutdance of Workers tn the Identi- 
ficahoH of the Vacuome 

1 There are present in all cells two and only two kinds of formed 
elements in the cytoplasm The elements m question are (1) the chondriome 
or the nutochondria, stamable with janus green and (2) the vacuome stain- 
able with neutral red Thus jamis green and neutral red (especially Krall’s 
Microcolor) are considered spec ific in a narrow sense 

2 The chondriome is a lipoidal phase and the vacuome a watery one 

3 The Golgi material of animal cells as usually described does not 
exist The appearance of a Golgi apparatus results from the fact that 
within, around and between the vacuoles of a cell osmic acid or silver nitrate 
IS reduced to form an entirely artificial structure which going now this way, 
now that, produces that illusion of a rambling network Thus the network 
produced has no fixity of shape 

To summarise, the first essential characteristic of the vacuome is its 
specificity for neutral red and the second, its constancy The third is the 
nature of the vacuolar contents which arc never lipoidal (see Parat and 
Bergeot, 1925) but always watery with a reaction ' francheraent aeide ’ and 
probably made up in most cases of a solution of crystalloids. 

Facts against Considering the Vacuome as the Golgi Apparatus 

1 Vacuoles arc not universally present in animal cells 

2 There are two types of neutral red staining structures (a) artificial 
and (6) pre-existing Hence neutral red cannot be considered specific 

3 Osmic acid does not cause deposits within animal cell vacuoles 

4 Parat's explanation of the artificial nature of the Golgi apparatus 
as seen after silver and osmic techmque does not cover the discrete bodies 
of invertebrates His interpretation that the rod-shaped bodies of Helix 
are modified mitochondria is based on staining with janiis green and if this 
has to be admitted, there is also the fact that the vacuome may often be 
stained with janus green which stnkes at the very root of his theory 

6 Even m lipoid gland cells of different kinds, the Golgi material 
appears in various forms always characteristic for a given cell type As 
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Farat has based his hypothesis on the results obtained in plant cells it may 
be mentioned here that though the vacuoles m the pro-menstem cells blacken, 
they have not been observed to have the remotest resemblance to a Golgi 
network Moreover no precipitations have been observed between the 
vacuoles either in plant or gland cells 

0 The demonstration of the osmiophilic platelets (Bowen, 1927) and 
their being considered as homologous to the animal Golgi apparatus have 
shaken the fundamental basis of Parat’s theory 

As would appear from the criteria defining the vacuome, staining with 
neutral red is the most important criterion If this is so one wonders why 
the food vacuoles in Protozoa should not be termed vacuome Bearing 
in mind Parat's postulate it would appear that the food vacuoles in speci- 
mens studied by Hall satisfy more of the conditions than the osmiophilic 
bodies, for (1) they are all stained by neutral red , (2) often osmic acid and 
silver nitrate are precipitated inside these vacuoles , and (3) their contents 
are not generally lipoidall 

A persual of the above fundamental though elementary facts will show 
that the terms vacuome and Golgi apparatus cannot be used for the same 
structure If a boily is to be considered as the vacuome, it cannot be termed 
Golgi apparatus for it is not lipoidal and if a body is considered the Golgi 
apparatus it cannot be considered the vacuome for it is not an acidic solu- 
tion of crystalloids 

In addition to the above fundamental differences between the vacuome 
and the Golgi apparatus, the test of cell nomenclature is how it works when 
applied to different categories of cells Considering tlie Golgi apparatus 
and the vacuome os essentially the same leads to enormous confusion making 
It difficult to reach any point of agreement between the different schools of 
thought Use of terminology is a matter where there cannot be serious 
differences of opinion and an agreed termmology together with criteria 
defining what constitutes the Golgi apparatus will clear the field for a correct 
understanding of the shape, structure and function of the Golgi bodies m 
Protozoa 

Analysuig the results obtained in Protozoa according to the above 
criteria it seems to us that the contractile vacuole, stigma and parabasal 
bodies could not be considered as the Golgi apparatus because they possess 
no power of independent growth and vegetative multiplication In Janta 
annectans Duboscq and Grasse (1928) particularly emphasise the secretory 
activity of the parabasal during division They saw chromophile vesicles 
each composed of a cap of chromophile substance surrounding chromophobe 
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material being cxpelletl into the cytoplasm Chatton and Grasse (1929) 
observed m Polykrtkos schwartzt osmiophile vesicles Three streamer-hke 
parabasals have also been seen by them and they are inclined to think that 
the vesicles are the products of granules liberated by the parabasal remini- 
scent of the secretion of very similar structures by the parabasal in Jama 
Proceeding on the criteria given above for the identification of the 
Golgi aptiaratus the osmiophile vesicles together with the parabasals con- 
stitute the Golgi apparatus in Jasma for only such a concept enables even 
tlie parabasal to be considered as Golgi as postulated by Grasse It is 
surprising that osmiophile vesicles described by these authors which have 
identical reactions as the parabasal itself in Jama are mterpreted by them 
as secretion, whereas they have to be considered as Golgi bodies Hill (1933) 
in her review misinterprets Brown’s observations on Mtcrojama and suggests 
that the vesicles and batonettes described by Brown may be mere vesicles 
secreted by the parabasal She forgets that in metazoa no case of a Golgi 
body secreting another has ever been noticed Taking both together, the 
osmiophile vesicles and the parabasal, they are seen to satisfy most of the 
conditions laid down for the identification of Golgi material in Jama If 
this IS accepted, formation of osmiophile vesicles is not by secretion but by 
fragmentation It is not quite necessary that all parabasals should react 
to Golgi technique— and thus be considered parts of the apparatus— for 
the parabasals alone cannot constitute the Golgi apparatus Similarly the 
contractile vacuole alone cannot be accepted as the Golgi apparatus, for 
as in the case of parabasals and stigma it also does not show growth and 
vegetative multiplication though it may divide during cell division Hall 
(1930 a) records some interesting results m flagellates In a random example 
of 100 flagellates, 39 had both the contractile vacuole and the globules 
(which according to him stain with neutral red and are considered as Golgi) 
were blackened , 15 in which the globules, contractile vacuole and other 
cvtoplasmic vacuoles were blackened , 9 in which the globules and cytoplasmic 
vacuoles but not the contractile vacuole remained blackened , 25 in winch 
only the globules remained blackened . 3 in which the globules and cyto- 
plasmic vacuoles were bleached completely, while the contractile vacuole 
was only partly bleached , and 9 in which the globtdes and vacuoles were 
completely bleached 

Hall comes to the conclusion that as the globules were blackened in 
88 per cent thev alone are the Golgi bodies The same result offers another 
interpretation If the globules are to be accepted as the Golgi bodies, it 
will be seen that in the largest number of cases (39 per cent ) with no arti- 
facts both the contractile vacuole and the globules were blackened which 
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leads to the logical conclusion that both together should be considered as 
Golgi apparatus in the particular flagellates 

On the whole from a critical reading of the available literaUiic it appears 
that what is described m many cases as Golgi apparatus in Protozoa, excepting 
probably the sporozoa, does not answer to the definition of the Onlgi afiparatiis 
and that further critical studies, bearing in mind that some of tht Golgi 
elements may become modihid as the contractile vacuole, parabasal or 
stigma in some siiecies, may offer a new approach to the study of the Golgi 
apparatus in Protozoa 
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Parts of India form some of the warmest regions of the earth In this 
tropical country, having a climate of great diversity and range, Sind is found 
to be the driest and hottest of all its provinces, the distribution of solar 
radiation playing a prominent part in it Aridity is its mam characteristic, 
with Jacobabad (mean maximum temperature 113’ F and mean humidity 
41 per cent ) as the hottest aud driest place in India The tropic of Cancer 
passes a little below its southern boundary and so the solar heat is great, 
coupled with longer hours of sunshine In the hot season The climate is 
reminiscent of- the Sahara type, and of that prevailing m hot and dry low- 
lands. It presents a great contrast with Assam at the other ehd of the 
country, as regards humidity— a contrast greater than that between Eg>’pt 
and the British Isles It is rather cold in winter for the latitudes within 
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which It fall* (w* , 2»" 36' and 28* 30' N ). parts of it being cooler than the 
Punjab, situated higher up and encompassed betWMn latitudes 29*-3r N 

The thermal equator (the line of the greatest mean heat of the globe) 
passes through Smd " It ha* long been known that what is termed, the 
thermal equator, does not follow the course of the equinoctial line, where, 
on the average of the year, the sun's action is most direct and intense, but 
m the longitude of India bends northwards, miming np through Ceylon 
and the peninsula to beyond the tropic and pasnng through Stud, crosses 
thence to the Arabian peninsula 

In the matter of rainfall, another important factor of climate, the region 
also suffers greatly It i8 said to be " between the two monsoons ", known 
as the S W, and N E. It manages to mis* the influence of the former, while 
the latter does not extend much beyond the Canges basm The average 
rainfall in the valley » meagre and precanous. Contrast with this the region 
of Western Deccan, which receives almost the whole of its annual rainfall 
in summer and m abundance, and the N.W.F. Province with its main share 
of rams in winter 'The mountains on the west of Sind are not suffi- 
ciently high to catch the S W. monsoon currents m one part of the vear or 
to prevent the cold blasts from the Iranian Plateau from entering the region, 
m the other (See Plate I ) 

Thus the chief features which afiect the climate of Sind are ; — 

(1) The tropical sone in its southern half and the temperate sone in 

its northern one 

(2) 'The poeition and directimi of mountains, eg , the Himalayas 

which prevent the northern cold and indnee the southern rains 

(3) 'The Thar Desert Region in the neighbourhood 

(4) Nearness or remoteness from the Arabun Sea 

(6) Presence or absence of forests. 

Within the region of Sind there are some marked climatic contrasts. 
There is an uneven distnbution of rainfall from one end of it to another. 
Jacobabad has an average rainfall of 3 inches, while Nagax Parkar has 16 
inches There is almost no rainfall in some parts of the desert area ordi- 
narily, but in years of heavy downpour a whole season’s rainfall is received 
at some places in Sind in a couple of days, it beit^ as heavy as 3 inches per 
hour, eg , on 17th June 1912, when 7 inches of rainfall were recorded at 
Karachi.** Places nearer the sea get somewhat better and regular rains. 
The diurnal and seasonal variations of temperature are also great in many 
parts of Smd The thermometer drops below the freezing point in winter 
with frequent cold spells and frost in North Sind, while heat waves with 
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wbiilwinds »nd dust storms are common In summer throughout the Province 
The« are no great forests in Smd to tender the ratnfall more effective except 
in a few narrow strips along the river banks Dry land winds blow most of 
the year. " It is this persistence of land winds which explains the andity of 
the Indus Valley, for the south-west direction, that prevails in the Valley 
itself, is merely that which is given to the current by the trend of the lulls 
that bound it,”* This dry wind system prevails over the greater part of 
the Province, except near the coast, where the influence of the monsoon 
winds is felt somewhat But the chief causes of this draught in Sind are 
the deficient relief of land and the very high temperatures and low 
humiditiLS, jointly operating to reduce the chances of ram or even of 
doud formation (Ref. Simpson’s theory in Section IV ) On the whole, 
the climate of Sind can be called a Desert clnnate— a cold dry wmter, 
alternating with a hot summer, with very meagre and precanous rainfall 

ll. Genial Cbmattc Condthons oj India Affecting Sind 
A The Monsoons. 

India is one of the monsoon lands of Asia The word ‘ Monsoon ’ is 
derived from the Arabic mausm, season or seasonal wind, the wind direction 
being the chief factor in the practice of navigation of those days This 
wind depends upon the pnnciple that it always blows from places which 
have greater barometric pressure to where it is less This wind pressure 
gradient in its tom, depends upon the rate of heating and cooling between 
land and sea 

The very nature of the peninsular projection of India into the Indian 
Ocean helps this During the months of March, April and May the sun’s rays 
fall almost perpendicularly on Northern India and the barometric pressure 
in this region Is the lowest, while over the Indian Ocean and lower down, 
the air is comparatively cool and the pressure high A flow of air is conse- 
quently generated inland from the seas, and, crossing them for nearly 4,000 
miles, it is charged with considerable moisture Also the hotter the air, 
the more moisture it carries in an invisible form But this current of air 
does not flow directly from south to north , due to the rotation of the 
earth, the air currents in the Northern Hemisphere circulate anti-clockwise, 
hence the S E trade winds On crossing the equator, they are caught in 
the circulation around the low pressure system exfeting over the N W 
comer ol India and Sind, and move, over the region of the Arabian Sea on 
one side and the Bay Bengal on the other, deflected as the S W monsoon, 
a ero r din g to Perrel’s I,aw At the equator due to the rotation of the earth, 
the monsoon has acquired a high velocity of hundreds of miles per hour ; 
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but as It goes up to higher latitudes it reaches the air currents which 
move slower and hence overtake them, deflecting itself eastwards 

Over Sind, there is m summer a persistent depression with an oval 
isobar of only 29 inches round about Jacobabad, and an isotherm of about 
100° F co-terminous with it There is, therefore, a difference of nearly 
an inch of barometric pressure between South India and this region, which 
at once becomes a theatre of great atmospheric depression, breeding thunder- 
storms and air distiubances In this respect the contribution of Sind to 
the whole country of India and its rainfall is really very great 

On entering India, tills moisture is precipitated as the air advances 
northwards over the country, because the general pressure distribution 
over Asia and the Indian Ocean forces it into this box or cul-de-sac, out 
of which It can only find a way by rising over the sides ”• 

Causes of Prectptlalton —But though, the chief cause of the rainy season 
IS this pressure distribution over land and sea, actual precipitation of ram 
IS due to several other circumstances The orograpliical structure of the 
whole country is mainly responsible for it At the very outset the Western 
Ghats obstruct the path of the monsoon Such an obstruction is beneficial, 
as the air currents are pushed upon a height of nearly 5,000 ft and the vapour 
IS condensed Also, as the currents blow across the whole c-ountry, they find 
no openings in the north, north-west and north-east being blocked by the 
extra-peninsular mountain ranges of insurmountable heights They, therefore, 
must rise higher and higher This ascensional movement, thousands of feet 
above the sea-level, causes complete condensation and rainfall for the 
country 

Branches of the S W Monsoon —It should be noted that these ascen- 
sional movements flow m two different directions (1) Those flowing over 
the Arabian Sea crossing the Ghats and penetrating the Narbada and Tapti 
Valleys called the Arabian Sea branch and (2) Those blowing from the Bay 
of Bengal along the Burmese Yomas and the Assam Hills called the Bay 
branch of the summer monsoon Further still, as the Bay current is checked 
by the Himalayan barrier, it bends westwards as the S E monsoon and 
passing up the Gangetic Valley, it reaches the eastern limits of the 
Punjab m a very weak state 

Those parts of India, which do not he within the paths and ranges of 
these two S W and S E monsoon currents, those which lie m the rain- 
shadow areas, and those, again, which have low or no mountain barriers, 
receive scanty rainfall m this season Thus Mahabaleshwar, 4,500 ft. on 
the windward side of the Western Ghats, receives an average rainfall of 300 
inches , Poona and Bangalore on the leeward side of the Western Ghats 
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receive only 25 and 10 inches respectively, while Peshawar in the extreme 
N W gets less than 16 inches and Jacobabad m Sind less than 5 inches 
Most of Smd lies outside the path of the S W monsoon and it has no high 
mountain barriers to catch it The other branch of the summer monsoon, 
vtx , the Bay current, giving as much as 600 inches (average) to the 
Assam Hills (Cherra Punjee), does not reach parts of vSmd and the Punjab, 
as the currents get weaker and weaker as they travel further westward 
thus Peshawar gets only 4^ inches and Siikkur 2 inches during the whole 
summer season Even the cyclones, developed in the Bay of Bengal during 
the monsoon period, do not usually travel as fat as the Indus basin 

This wet season lasts for about four months from June to September, 
at the end of which period the moisture is exhausted and the currents become 
greatly weakened As a rule three-fourths of the total annual rainfall in 
India is caused by this monsoon current 

N E. Monsoon —By the end of September, the meteorological condi- 
tions in India are reversed The rays of the sun are also aslant m these 
months While the 3W monsoon is still hanging over the country, 
particularly over Bengal, the air over the greater part of Central Asia 
becomes cold and an anticyclone, exceeding 31 inches and resting on 
Tartary, is developed North of this region, the barometric pressure 
slopes away to the Arctic Ocean and south of it, it falls away to the 
equator, thus causing the Central Asiatic anticyclone to be jiersistent for 
some time 

On account of these changed conditions, the S W monsoon current, 
still flowing into the Bay of Bengal, cannot enter this high pressure region, 
but retreats and goes round the area of low pressure in South India, as what 
is called, the rctrealing monsoon This is also called N E monsoon " After 
September, the region of chief mdrauglit gradually travels southwards, 
the moisture -laden winds from the Indian Ocean no longer penetrate so 
far in a northerly direction Accordingly, m October the pressure m the 
Bay of Bengal is in general the lowest in the area, lying off the Madras coast , 
and from this time onwards, ram occurs iii the Peninsula chiefly m connec- 
tion with a senes of depressions or areas of low pressure, which form in the 
Bay of Bengal and strike the coast The raiu-bearmg wmds at such times 
are north-easterly and hence the rams of the N E monsoon "* This current 
does not afiect Sind It gets gradually exhausted in its passage westwards 
and there is a break in the rains for about a month or so, vtx , October 

Winter Rams in Northern Indus — By November-December the tem- 
perature at Jacobabad falls os low as 60“ F and though the pressure gra'bent 
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is also low, steady winds begin to flow from the N,W. 'These are 
mainly continental winds and therefore, dry But where they paM 
over portions of the seas, snch as the Persian Gulf, they cflrry some moisture 
which 18 condensed and precipitated by the northern winds 'Thus we have 
snows on the Himalayas and winter rains in Northern India 

It should be borne in mind that the belt of high pressure and the anti- 
cyclonic conditions in winter are not local but stretch over a wide area 
of varying physical features from the Mediterranean to Central Asia as far 
as N E Cluna, corresponding to the belts of high latitudes in the Atlantic 
and the Pacific Oceans As a result of this, shallow or feeble storms pass 
successively across Central Asia and occasionally also over Northern India. 
Thus hghty clouded skies and occasional showers of rain are the predominant 
weather conditions in winter in the Indus basin 
B Other External Causes 

Apart from the regular monsoon currents, such cyclomc storms or 
disturbances as cross the whole region are a very important feature of the 
climate of f^ind Dr B N Banerjee* has classified the meteorological condi- 
tions prevailing over the section of the Persian Gulf to Karachi, under two 
distinct typos, the winter and the summer, western depressions and eastern 
depressions respectively 'These storms differ from the regular cyclones, which 
are winds of great destructive violence but not bearing much rain The 
cyclonic storms, though milder, are very extensive and bring about winter 
rains m Northern India 'The difference of barometric pressure or gradient 
too IS very small, e g , about A inch " Also they are more lasting 
than the cyclones, and at times bring torrential rams They travel over 
hills without any loss of energy unlike cyclones, which are dissipated 
by mountains ” Thus floods are caused when a shallow low disturbance 
is suiierimposed on the general regional flow It has been noticed that the 
Makran Coast from Gvadar to Karachi is disturbed more by aummer 
weather storms than by winter ones, while in the interior of Sind and the 
Punjab It is the western (winter) disturbances which count more 

Winter Conditions • W'estem Depressions —From December to February, 
depressions originate as far as the Atlantic Ocean and the Mediterranean 
Sea and periodically pass through the region of high pressure or the anti- 
cyclone belt created in Central Asia in the cold season. Whenever they 
pass over masses of water, « g , the Persian Gulf, they carry moisture which 
18 ultimately precipitated as ram elsewhere There are original or parent 
depressions, which are formed at the meeting place between the poita and the 
equatorial air, and depending upon this " juxta-positlon of twp difierent 
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air masses, havii^ different characteristic properties, such as temperature 
and humidity ’’ Then there are secondary depressions, whicli are formed 
generally " when the members of the family are moving over hilly regions 
or are nearing the end of their activity ”, and which having been thus formed, 
behave like other western depressions These depressions generally move 
north-eastwards along a big front. " Older members dying out at one end 
and new ones appearing at the other 

The natnre of such a western disturbance is three-fold, that is to say, 
there are three distinct weather conditions, following one another, as it moves 
onwards (1) The warm front stage, whereby an air mass warmer and more 
humid moves forward and there is a sudden change of wind direction with 
rise of temperature and cloudy air accompanied by squally weather with 
passmg clouds and driszles or fog (2) The warm sector stage, by which 
weather becomes settled down but with very high temperature and humidity 
It is the steamhousc of the depression. (3) The coW /ron< stage, whereby 
a of cold air enters the area and there is a sharp change of wind 
direction with a rise of barometric pressure, reduced humidity and sharp 
convectional currents The result is squalls, thunderstorms, dust-storms 
and showers of ram 

These western depressions generally occur several times during a winter 
month and depend for their mtensity upon the degree of contrast existing 
between the two air masses, pointed out above 

Only a portion of these cyclonic storms or disturbances affects the 
Indus basin and Sind On reaching Makran, they generally split themselves 
into three streams covering (1) Western Highlands, (2) The Punjab and 
Kashmir and (3) Sind The last stream is rather feeble and so gives 
quite a little rainfall in the region of onr study On crossing the Kirthar 
Range the storms usually develop secondary depressions which also create 
disturbed weather in Sind 

Summer Weather and Eastern Depressions —Tmm June to Augu.st. the 
low pressure area extends from N.W India to Iron and Arabia and 
depressions arising in the Bay of Bengal or the Arabian Sea and moving 
across Central India pass through this low pressure region Like the western 
disturbances, these storms are also caused by the encounter of air masses 
of different weather conditions, s g , the S.W monsoon winds and the N.E 
winds from the Bay At some times they die out when resting over Central 
India, but at other times fresh depressions arise from them over Rajputana 
" At the meeting place the fresh Arabian Sea monsoon air and the land 
ait which is the old and modified air from the Bay.’’’ Whenever, inch 
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a secondary depression travels westwards with fresh vigour, there is a chance 
for Smd to get rains " These eastern depressions, when they are over N W . 
India, induce an inflow of the Arabian Sea monsoon current, which, because 
of its moisture contents, maintains the activity of the depressions, whereby 
cloudy weather, storm wmds and rainfall occur in Sind "• 

Also, while moving further towards the west into the Arabian Sea off 
Makran, sucli depressions cause rough seas and squally weather over the 
Pasni-Karachi section 

Transthon Periods —Between these two distinct periods of winter and 
summer depressions, i e , between September and November and between 
March and May, which are called transtlion periods, the characteristics 
of both the depressions are noticed,— not extensive storms, but only localised 
weather disturbances without any regular sequence of phenomena Thus 
feeble or strong, local or wide-spread disturbances of weather are likely to 
occur in Sind throughout the year 

Cold and Heat Waves —The passage of cold and heat waves through 
our province can be understood easily, as the foreign disturbances described 
above are their cause As they pass over Smd, the weather invariably 
becomes abnormal, « e , abnormally hot at one time and abnormally cool 
at another These waves are the distinct tnple-weather conditions noticed 
above, in connection with the depressions and disturbances Such weather 
spells are frequent in the winter months, eg , about half a dozen in January 
They have a mass of warm air in their southern and eastern quadrants and 
cool air m their northern and western quadrants As soon as they approach 
a station, there is a nse m temperature which then drops to several degrees 
below normal, when the depression has passed awf\j' The weather remains 
abnormal, until another depression from the west approaches Side by 
side with these disturbances there is good rainfall or snowfall in the localities 
crossed by them At times they travel eastwards as far as Bengal, Burma 
and Assam and even beyond, if they are strong enough 

One or two examples of such waves may be cited here In January, 
103B, a western disturbance passed over the Gulf of Oman, the Punjab, 
the United and the Central Provinces causing snow or rainfall m all 
these areas The depression was followed bv cold waves, which affected 
Makran and Smd, Nawabshah recording the lowest temperature, of 27° F , 
while at other stations m Smd the freezing point was passed 

The following mimmum temperatures were recorded at Manora and Drigh 
Road, though the disturbance did not directly affect the two localities — 



Cltmatu OmdUtons tn Sind 


27 


January 

1935 

ttanora 

1 Drigh Road 

Pall of 
Temperature 

12th 

56* P 

B1°P 

1 

13th 

48° F. 

40° F 

\ 10° P -12° F. 

14th 

47° P 

37* P 

1 


Notice the great difference also between the temperatures of the two 
places, wix , as much as 10® F , though they arc only 10 miles distant 
There was another instance of a heat wave, followed by a sudden drop 
in the temiieratures. recorded at Dngh Road, during the same winter season, 
vix , on the 12th Novenber 1934 


79* F 
80° F 
91° F 
91° r 


I'F. 
6° F 
8' P 
9° p 

10' F 
12° P 
12° F. 


Similarly, spells of heat in summer months are also usual e g 


May 1037 j 

j Manura 

Drigh Koad j 

Departure from 
the Normal 

Max T 

Min.T 

Max. T 

Mm T 

16th 


80° P 

01° F 

80° F 

1 

17tb 

87° F. 

79° F. 

102° F 

1 81° F 

l + B°P-10°F. 

18th 

94 -6° F. 

80° P\ 

111° F 

81° F 

) 


Such instances can be easily multiplied, the weather conditions of places 
under the disturbance being invariably abnormal for instance, temperatures 
in the Nawabshah District arc very uneven for places not very far from one 
another. The effects are deflmtely localised 
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C. Local Storms, 

In addition to these storms, there are other local afternoon 
disturbances occurring in Smd, They are due to convectional currents 
and contrasts of weather such as high temperature, diurnal range of tem- 
Iierature and differences in humidity, which cause thunderstorms, dust- 
storms and squally weather, whenever there is the transition stage between 
the two seasons, eg, (1) March to May and (2) September to November 
During these months India is not affected by storms from abroad and it 
becomes "an independent meteorological area". They occur in Sind and the 
Punjab, and the time is generally in the afternoon, when these convective 
movements are the strongest At times, when the influence of a passing 
western disturbance from the Persian Gulf synchronises with the maximum 
convectional conditions of the afternoon, sharp thunderstorms and squalls 
ma y occur at a station but a neighbourmg station may not be affected at 
all * The results are local dew, fog, ram, etc . while the general weather both 
at sea and upper air layers is more or less settled 

Flood Years and Flood Menace —Due to such meteorological and other 
conditions, Smd gets abnormal floods m some years The followmg are 
some of the notable flood years m Sind 



These floods are caused by two chief agencies . — 

1. MeteorologKal causes, as slated above 

2 P/iystcal features and condttsons of drainage — There are a number of 
Nais or hiU-torrents from the western highlands bringing m torrents of water 
down into the valley below, s g , The Gaj, the Nari Often they flood the 
Larlcana and Dadu Districts 

On the other band, the annual inundations of the Indus, which flows 
on a bed higher in level than the surrounding country, cause floods, which 
prove to be disastrous 

3 Artificial bund breaches — Due to heavy floods and the force of torrents 
not only from the Nais but also of the Indus, breaches are made in the various 
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protective bunds, causing considerable damage to the fields and human 
beings. Such breaches are now controlled by the Public Works Department. 

4 CondihoHS in the upper reaches of the Indus —These are the breaking 
of glacier dams, e g , Shyok glacier dam, snow-melting and river-dammmg 
by landslips. 

Ill Chtnattc Dtvtstons of Sxnd . the Seasons 
The ancient wnters divided this province of the Lower Indus Basin 
into three parallel zones, vtt , Slro (Upper), Vachelo (Middle) and Lar (Lower) 
Sind, and from the pomt of view of climate they are found appropriate, 
though one is tempted at present to retain only the two chief ones, the Upiier 
and the Lower [See Plate 1(a) ] 


That these:, divisions are suitable for practical purposes tan be seen 
from the following data (Average of 30 years (1901-1930) India Weaifter 
Reviews — India Meteorological Department ] 


Condition 

Siro 

Yaohelo 

Lar 

Mean Max. 




(June 1919) 

117-4° P 

110-8° F (1909) 

90 8° P (1901) 

Mean Min. 

Monthly T. 

(Jan. 1903) 

3« -2° F. 

47 -3° F (1926) 

62 -2° F. (1903) 

Bange of T. 
(Seasonal) 

69° P 

46° P 

34° F 

(Monthly— May) . . 

i0° F. 

26° F 

10° P 

Mean Humidity 
(Annual) 

67% 

61% 

73% 

Mean Bainfall 
(Annual) 

3-44' 

7-92' 

7-61' 


Characteristics of the Chmatic Sub-Dsmions. 

1. Upper Sind —Chief locality . Jacobabad ; height above sea : 186 ft. ; 
distance from the sea . 300 miles 
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is the lowest iti Smd and temperature w the highest (t g , the highest tem- 
Iierature recorded recently is 127* F in June 1919; The air is generally 
very dry There is a great range of temperature in winter and frost is 
common The climate resembles the continental 

2 Middle Sind —Chief locality Hyderabad ; height above sea : 96 ft. , 
distance from the sea ■ 126 miles 

The SW, monsoon winds have in this region an average speed of 11 
miles per hour in June Rainfall is slightly more than at Karachi in some 
years The temperatures are lower here than in Upper Smd and humidit>' 
IS moderate The range of temperature is also much less than that at 
Jacobabad Dry hot days and cool nights are summer characteristics of this 
sub-division 

3 Lower Stnd —Chief locality Karachi , height above sea 6 feet , 
distance from the sea 6 miles 

The wmdmg coastline affects this region to some extent I'his coastal 
and deltaic area is naturally damper, with smaller ranges of temperature 
and pressure The S W winds in summer and N E winds m winter are the 
prevailing air currents Rainfall is at times a httle less than m Middle 
Smd Hiunidity is the greatest and the temperature moderate throughout 
the year Dampness causes muggy or oppressive weather in summer The 
climate is maritime 

Seasons —In an arid sub-tropical region such as this, there arc only 
three mam seasons of nearly 4 months each 

1 S W monsoon season, from July to October (the retreating monsoon 

does not affect it appreciably) 

2 Cold season from November to February 

3 Dry hot season from March to June 

In (1), the rains are not general as m Pemusular India, but only occa- 
sional, the wind direction is S W or S E and humidity is on the 
increase The 16 days monsoon period is 9th July to 23rd July 

In (2), the rains arc only cyclomc storms and the usual direction of the 
wind IS N or N E (Trade wind) When it does not ram and the sun shines, 
the Weather is fine and bracing It gets cooler and cooler os we go from 
south to north from an average of 60° F at Karachi to 40° F at Jacobabad 
This IS the touring season of India 

In (3), the temperature of the air gradually rises to the maximum in 
June- July The sun shines direetly over Smd and the wind direction 
changes from N W. to S E, The isotherm of 86° F, passes through Karachi, 
while round about Jacobabad the mean temperature is 96° F. 
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Clmatu Conditions in Sind 
IV Chief Climatic Factors and Elements 
It IS now necessary to consider the chief climatic data that are available, 
vu , temperature, barometric pressure, relative humidity, wmd system 
and rainfall. 

1 Temperature 

Sind is uniformly very hot in summer and comparatively cool in winter, 
as the records of 30 years (1901-1930) clearly show (See Plate II ) 

Sind derives its heat from the following sources — 

(i) The sun, which shines for the greater part of the year in cloudless 

skies 

(ii) The rocks which are barren and the soil which is and, sandy and 

saltish and which absorbs and radiates heat quicklv 
(in) The warm front of the wave of a cyclonic storm approaching Sind 
(iv) The warm N W winds from the Iran Plateau in summer 
At times, there blows a harmful wind analogous to the .Sunoou of Arabia 
and the Sahara, while dust-storms with whirlwinds are common in the hot 
weather period The eddies, as much as 10 ft wide in dusty areas, rise 
to a height of some 200 ft 

There are at the same time many ways in which heat is lost and cold 
ensues 

(i) The air u still and the sky clear and there is little humidity or 

water vapour, in it to absorb heat 

(ii) The rocks being barren and not covered with grass, there is quick 

radiation of heat towards the close of the day 
(ill) Cold winds from the snow mountains in the north and the north- 
west blow during winter and reduce the temperature of Smd 
to a great extent 

The month of January, for example, may be very cool from cold winds 
in one year and from nocturnal radiation of heat in another 

Mean Maximum Temperature —The graphs drawn, for the mean maxi- 
mum temperature, show that there Ls a steady rise of temperature at Karachi, 
from 76° F m January to 91 '6° F in June, which is the hottest month in 
the year It then begins to fall upto86-7°F in August and remains 
more or less steady in September ; then after a slight rise in October, it falls 
rapidly for November, December and January. 

The graph for Hyderabad differs slightly from tliat for Karaclii, 
that the maximum temperature is reached m May, with a rapid fall up 


-S .3 
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August In September aud October there is a gentle nse and then a sudden 
fall again for the winter months of November. December and January. 

Jocobabad is more irregular than either of the above stations. After 
the fall m winter there is a very steep ascent In February and March and 
a sbght nse in April, then agam a sudden rise for May till the maximum 
IS reached m June The fall after June is also sudden and rapid with 
practically no rise in October, as in Middle and Lower Smd (See Plate II ) 

The average annual niaxiinnm temperature for Karachi is 86' 6' F., 
for Hyderabad 93 3° F and for Jacobabad 95 -S* F 


Mtan Maximum T. 
Average of 30 years (1001-1930) 
(India Weather Remewi ) 


Month 

Karachi 

Hyderabad 

Jacobabad 

January 

76 0 

75-8 

72-7 

February . 

77-7 

81 -4 

77 -O 

March 

83-1 

93 A 

90-7 

April 

87 0 

101 -2 

101-8 

May 

90 3 

107 -0 

111 -.3 

June 

91-6 

104 6 

113-7 

July 

89-6 

09-6 

108-6 

August 

86-7 

95-6 

103 9 

September . . 

86-8 

06-7 

102 -9 

October 

88 •5 

97 0 

98-8 

November . . 

86-1 

88-0 

87 -3 

Peoember . . 

79-3 

78 -2 

75-8 

Annual 

80-6 

93-3 

96-6 


Mean Minimum Temperature — ^The graphs of the mean minimum 
temperatures of the two stations of Karachi and Hyderabad are smoother 
than those for Jacobabad. The coldest month for all three places Is Jgnnary 
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The fall of temperature w greater at Jacobabad in September, and again 
in November and December than at the other two stations 

The annual average minumiim temperature at Karachi, comes to 71 •2° F , 
at Hyderabad to 68 •7' F and at Jacobabad to 66 4® F. only 

Mean Minimum T 
AvttA^e of 30 years (1901-1930) 

{India Weather Revieies) 


Month 

Karachi 

Hyderabad 

Jacobabad 

JanuMy 

66-7 

50 5 

44-1 

February 

59-5 

64 0 

19 -1 

March 

67-3 

63 -5 

60-0 

April 

74 1 

71-6 

70-6 

Hay 

78 9 

78 1 

i 78 a 

June 

82 1 

83 0 

85 1 

July 

81 3 

81 7 

85 6 

Augnst 

78-5 

79 6 

82 5 

September 

76 9 

76 3 

70 0 

October 

73-8 

70-8 

65-7 

November 

66 3 

60-6 

63-8 

December , . 

68-8 

63-1 

44-7 


71 -2 

68-7 

66 4 


The above table shows that the coastal strip has a more equable climate 
than places further inland, Jacobabad faring the worst in this respect 

Fluctuations tn the Three Decades (1901-1930) —The graphs for the 
average temperatures (maximum and minimum) for the whole year indi- 
cate that they were more or less steady In all the decades for Hyderabad 
and Jacobabad. while those at Karachi slightly fluctuated. The following 
are th* mean (mean of 30 years 1901-1930) temperatures at the three 
places:— 
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Station 

Max T 

Min T. 

1 Average 

Karachi 

86 6° F 

71 2“ F. 

78 3“ F 

Hyderabad 

93 3“ F. 

68 7° F 

81 0° F. 

Jaeobabail 1 

95 5° P 

60 4' F 

80 .9“ F. 


Range of 1 cmperalure —TioWi a.-> regards the daily and monthly ranges 
of temperature, Hyderabad and Jacobabad differ from Karachi, where the 
range is small, owing to the influence of the sea But even at a little distance 
bevoml the coast-line, e g , Dngh Road, it increases considerably 

The accompanying thermograms (see Plate II) of Karachi show 
the daily range near the sea very clearly The daily range in summer months 
IS much smaller than in November and December The day’s temperature 
IS the lughest in the afternoon, about 2 pm, and the lowest in the early 
morning at 6 a.m 

At Dngh Road the daily range is iipto 36“ F , at Hyderabad upto 40“ F 
and at Jawbabad upto 45“ F 

The following table gives an indication of the monthly ranges of tem- 
peratures in Sind 

Mean Monthly Range of Temperatures 


Month 

Karachi j 

Hyderabad 

Jacobabad 

iimary 

27 1“ P 1 

26-3° P 

42 -O” F 

ay 

10 8“ P 

26 -6“ F 

49 5” F 

dy 

9 0“ F 

17 -8“ F 

36 -T’ F. 

iTcmbrr 

6 7° F. 

28 5' P. 

60 -4° F 


{Oaxetteer of the Province of Sind B Vols ) 


The monthly range of temperature increases from the coast north- 
wards till near the Upper Sind Frontier it goes to over 60“ F in winter. 
It is aLso greater m winter than in summer Owing to the S W monsoon 
current the range of temperature near the coast is not so great hi summer. 
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2 Barometnc Pressure 

Indirectly due to these temperatures, the barometric pressure is the 
lowest at Jacobabad and the highest at Karachi The difference between 
the lowest pressure in July and the highest in December is (1) at 
Karachi, -568 inches; (2) at Hyderabad, 021 inches and (3) at Jacobabad, 
670 inches, as the following table of monthly average pressure shows, — 


Barometnc Pressure 
Average of 30 vears (lOOI-lOtO) 
{India Weather Reviews ) 


Month 

K ariwtii 

Hyderahadj 

Jacobabad 

Tiertiarks 

January 

30 000 

JO 000 

20 021 


February 

30 0«2 

29 041 

29 817 


March 

20 033 

20 834 

29-733 


April 

20 831 

20 710 

20 697 


May 

20 723 

29 580 

29 160 


Juno 

20 560 

29 432 

29 -205 


July 

20 522 

29 301 

29 260 

T/Owent in the year 

August 

29 599 

20-167 

20 353 


September 

20 747 

20 619 

29 506 


October 

20 902 

29 706 

20 699 


November 

30 024 

29 935 

2*> 852 


December 

30-000 

30 012 

20 930 

irighcRt in the year. 

Annual 

29 839 

20 728 

29 621 



3 Relative Humidity 

There is a great divergence also m the relative humidity of the 
three stations The difference between Karachi and Jacobabad amounts 
to 36 per cent in the months of April and May The driest month in 
Karachi is December, whereas in Hyderabad and Jacobabad it is April 
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due to there bemg more winter showers. The greatest amount of 
humidity, however, is in August at all three stations due to the influence 
of the S W. monsoon current Hyderabad is distinctly drier than Karachi, 
but Jacobabad is drier still 


Average Monthly HumtdUy 
Average of 30 years (1901-1930) 
(India Weather Reviews.) 


Month 

Karachi 

% 

Hyderabad 

% 

Jacobabad 

% 

Remarks 

January 


61 

66 


February 

67 

68 

64 


March 

71 

63 

46 


April 

76 

63 

41 

Lowest in Upper and 




Middle Sind. 

May 

7ft 

66 

43 


June 

79 

64 

67 


July 

83 

69 

66 


August 

81 

72 

71 

Highest in all Sind. 

September 

82 

70 

68 


October 

74 

61 

66 


November 

62 

56 

66 


December 

58 

60 

63 

Lowest in Lower Sind. 

Annual 

73 

61 

67 



Thus in the interior the air is dry, though hot, m summer and hence 
not so distressing as on the coast ; after sunset the hmnidity is reduced 
for a while, the heat from the ground radiating quickly, and nights are 
therefore cool As there is a greater range of temperature in winter, there 
is also a greater Increase or decrease of humidity. 

Frost — Some parts of Sind are visited by frost in winter, the necessary 
conditions being fulfilled, vtx . s.e , (1) a clear sky, so that radiation is not 
bapij^ted by clouds and (2) a calm night, when the layers of air in contact 
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with tlte grottnd are cooled Whenever the temperature of the ground 
falls below the freezmg point, the air in contact with it is so much cooled 
that the water vapour in its lavers immediately above it or in the voids among 
the soils IS condensed into ice particles or frost This kind of frost is found 
frequently in Upper Siud, but rarclv in Lower Sind Some years are notable 
for severe and prolonged frost, causing great damage to crops, eg , 4th 
January to 4th February 1934 ** 

Cloudiness — The skies in Sind are cloudy during the monsoon season 
and also during the months of December and January, but in other months 
they are very clear As a rule, afternoons are more cloudy than the rest 
of the day 


4 Wind System 

Average of 20 years (1901-1920) 
(India Weather Reviews ) 


Season 

Wind 

Direc- 

tion 

Karachi j 
Days I 

Ryderabo<l 

Days 

.lacobahad 

Days 

Remarks 


N W 

35 

26 

29 


Wiater 


26 

42 

172 

(ITedonunantly calm 


33 

69 


weather in Upper 
Sind) 



N.E 

09 


22 


Dry Hot 

B. 

16 


24 


SB. 

4 

6 

63 



S. 

3 

66 

24 


Monsoon 

8.W. 

60 

134 

8 

(Force of 8W mon- 




soon in Middle Sind) 


W 

130 

14 

3 

(Westerly wind pre- 
dominant in Lower 
Smd) 






Total No. of Days. . 

365 

366 

365 



The above data show that the predominant wind direction in Karachi 
is westerly for over four months of the year During the months of May 
to September, the general wind direction is S W and during the winter months 
of January, February, November and December it blows from the N E., 
while in the intermediate months, before and after the summer season, the 
direction changes to N W. It rarelv blows from the south or east 

At Hyderabad the S W direction is the most conspicuous from April 
to October, while in winter the N W, direction prevails 
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At Jacobabad there is practically no wind for half the year During 
the other half the direction swings from S E to N E m the hot season and 
from N E to N W in winter [See Plate I (a) J 

The influence of the S W monsoon wind reaches nearly a hundred miles 
inland and so evenings are generally cool at Hyderabad in summer 


Wind Vdocily (M ties per Hour) 
Average of 20 years (1901-1920) 
{India Weather Reviews ) 



The above table shows that near the seashore the wind velocity 
IS greater, while in Upper Sind it is generally calm for nearly half the year 
During the cold weather months the wind velocity vanes from about 6 miles 
in Dower Sind to only about 1 6 miles in Upper Siml It begins to increase 
from March and \pnl, until it reaches its maximum velocity of about 15 miles 
in Dower Sind, about 11 miles in Middle Sind but only about 4-5 miles in 
Upper Sind With the octiirrence of dust storms and cyclonic rams, the 
wind vcl(Kity is natnrallv higher 

Local Land and Sea Breezes —No special study of winds prevailing locally 
at the different centres has yet been made except at Karachi *' Recently 
owing to the rcipiircments of the Dngh Road Airship Base and Aerodrome 
and as a result of the facilities available at the Meteorological Observatory 
there, Dr Ramdas** has produced a valuable paper on the local afternoon 
sea breera; at Karachi, occurring during the non-monsoon period of October 
to March This breene is calculated to be a result of the difference m tem- 
perature and pressure above land and sea and due to the difference in solar 
insolation His hnding is that " The breeze sets lu during the afternoon 
and has some of the i haractcrwtics of a cold front it sets in suddenly, is 
usually colder, more moist and has a greater velocity than the preceding 
land breeze ” This land breeze, again, is part of the prevailing winds at 
lower levels over the whole of Smd, the normal direction being N W and 
N E and the actual direction and strength of the winds are determined by 
the position and intensity of the seasonal anticyclone over North West 
India. 
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The general characteristics of the brecee have been summarised as under ; 
" The aea-bree*e first sets m at Manors, then moves towards Drigh Road 
through the Karachi City The time taken by the sea breeze to reach the 
Airship Base varies from 1 to 3 hours Before the arrival of the breeze at 
the Airship Base, the previous land breeze, if any, drops to calm and the 
setting m of sea breeze is accompanied by a fall of temperature (about 6° F 
to 3 -fi® F ), nse of humidity (from 5%to 30% and above), shift of wind direc- 
tion to west-south or south-west, and an increase of wind velocitv 
The transition from land breeze to sea breeze is more and more marked as 
the latter proceeds inland The sea breeze front appears to be somewhat 
dilluse near the coast but by the time it reaches the Airship Base it 
becomes quite sharp owing to increased contrast with the land-breeze 
It has been also noticed that this sea-breeze is not the actual gradiant 
wind, I e , westerly and north-westerly breeze but owing perhaps to the hills 
to the north-west and north of Karachi City, it is deflected largely to the 
west-south-west and south-west direction 

Thus it can be seen that in the climatic ilements of tc mperature, baro- 
metric pressure, humidity and wind svsteni, Smd in general has three distinct 
regions differing from one another How far pret ipitation agrees with this 
analysis has to be seen now 
5 Rainfall in the Lower Indus Basin 

,<5md IS called an " Unhappy Valiev ", perhaps on at count of its scanty 
rainfall “The Hindus of Smd,” sa>s R F Burton, "have a tradition that 
Hiranyakasipu, the demon king of Multan, was powerful enough to draw 
down Megha Raja, the tlond gotl from heaven and compel him to promise 
never to visit the valley of the Indus " 

The orographic features of Sind lend support to such a belief The 
average height of the surrounding hill ranges is only about 5.000 ft . while 
the Baki Hill lying m Kohistan just reaches a little above 2,000 ft To 
catch the monsoon current a high mountain within the region is required 
Again the alignment of the two ranges of mountains bordering the frontier 
of Sind. 13 not straight There is a marked re-entrant angle m the north- 
west, which IS vet> low Any clouds that are caught by storms are again 
lost in them Particularly in the case of Swd in winter, ‘ ' the seat of 
maximum pressure is not the seat of maximhm rainfall . nor indeed is the 
case of the great summer depression of Upper Smd and Lower Pu.ijab of 
any precipitation whatever ” “ 

But though the tainfaU is meagre, it is a useful supplement to under- 
ground supply of water m many parts of Sind 
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Annual Raxnfall — Bebg a portion of the dfy monsoon belt, this region 
receives very little rainfall , it has very few rainy days, durmg the year, 
year after year, the average rainfall at any station, not amounting to 
10 inches, as the following table shows — 


Rainfall Year by Year. 
Average of 30 years (1901-1930) 
{India Weather Reviews ) 


year 

Karachi 

(Inches) 

Rainy 

Days 

Hyderabad 

(Inches) 

Rainy 

Days 

Jacobabad 

(Inches) 

1901 

1-37 


1-96 


2-68 

1902 

18-23 


15-93 


2-10 

1903 

4 68 


6 72 


3-22 

1904 

4 03 


1-44 


2-68 

1905 

3 04 


2 02 


2-21 

1900 

0-47 


7 46 


6-67 

1907 

7 76 


6-00 


4-44 

1908 

0-48 


19 93 


4-59 

1909 

7 09 


7-03 


1-41 

1910 1 

13 -63 1 


10 19 


3-84 

1911 ] 

4-84 


3 79 


1-36 

1912 

3 17 


6-39 


1 41 

1913 

13-46 


21-13 


4-86 

1914 

9-31 


4 09 


6-78 

1916 

2-26 


l-Ol 


1 34 

1916 

21-87 


14 01 


3-80 

1917 

8-63 


9 81 


10-88 

1918 



2-04 


1-74 


1-36 
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Rainfall Year by Year — (Contd ) 


Year 

Karachi 

(Inches) 

Balny 

Days 

Hyderabad 

(Inches) 

Rainy 

Hays 

Jacobabad 

(Inches) 

Rainy 

Hays 

191^ 

3-39 


7 76 


3-23 


1920 

1-97 


1-70 


2 20 


1921 

16 90 


13-78 


3 68 


1922 

1 99 


2 60 


0 13 


192.3 

5 67 


6 21 


4-73 


1924 

3 09 

9 

12 07 

10 

2 11 

0 

1925 

4 -.38 

7 

1-02 

2 

4 54 

10 

1926 

20-04 

11 

12 11 

13 

4 28 

10 

1927 

8 90 

10 

13 55 

12 

0 07 

3 

1928 

2 39 

5 

2-14 

5 

0 90 

3 

1929 

4 13 

8 

23 13 

14 

6 65 

12 

1930 

16 70 

12 

2 77 

6 

5 67 

4 

Average . . 

7 51 

9 

7 92 

9 

3-44 

7 


A special feature of the ramfall curves in Sind is that there are 
peaks of good rains and troughs of droughts at an interval of 5-(! years 
(See Plate III ) It is remarkable that while there are a number of years of great 
scarcity of rainfall, there are years of abnormal rains and floods Also, these 
do not always coincide in all the three climatic divisions, e g , while 1926 was 
a flood year for Karachi, there was only 4 -38 inches of rainfall at Jacobabad 
In 1929, Hyderabad received 23-13 inches but Karachi only 4 13 inches 
Nearer the coast, rainfall is greater than in Upper Smd, where the average 
is only 3-44 inches 

Dtsirtbuiton of Rainfall— In the matter of distnbution of rainfall in 
Sind, Nagar Parkar stands by itself Not only does it receive the advantage 
of its height but it touches, to some extent, the fringe of the S W monsoon 
current. Middle Sind receives sbghtly more rain than Lower Sind m some 
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years while there is hardly any ram (less than 2 inches) in parts of Upper 
Sind Even in years of great floods there is not more than 10-12 inches 
of rainfall in this the driest part of the Province 


Mean Annual Rainfall 
{India Weather Reviews ) 


Place 

Mean 

Annual 

Rainfall 

Rainy 

Pays 


Parkar 

14 -86 

17 

liowcr 

Tatta 

8 83 

8 

Smd 

Karachi 

7 61 



Umerkot 

8 99 

12 


Hyderabad 

7 92 

0 

Middle 

Mirpurkhas* 

9-66 

9 

Sind 

Nawabshah* 

6 05 

7 


Naoshcro . 

1 26 

6 


ISelivan 

6.41 

8 


f Sukknr* 

2 74 

6 

Upper 

I Shikarpnr 

3 .39 

6 

Sind 

1 Larkana* 

3 65 

6 


Jacobabad 

3.44 

7 


Stations marked * have the averaKes taken for 17 years (1914-1930) The rest have 
those for 30 years (1901-1930). 

At Sukkur the average rainfall is the least, t e , less than 3 inches, while 
at Nagar Parkar it is the heaviest, » e . nearly 16 inches At the intermediate 
stations It varies from about 6 inches to 10 inches. Also the average ram 
per day is a little less than 1 mch, the total number of rainy days amounting 
to 7 only (See Plate III ) 

Mean Monthly Rainfall —Though there are two distinct seasons of rain- 
fall, VIZ , summer and winter, the following table shows that, on the whole, 
it 18 not only precarious and fitful, in both of them, but also scattered thinly 
throughout the year. The amount is, however, more in summer than in 
winter The actual monsoon period during the year is from 9th July (com- 
mencement) and 23rd July (withdrawal) (See Plate IV.) 



Mean Monthly Rainfall 
Mage of 30 years (1001-1930) 
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Ratnfall ip Kohtstan and the Desert Provtnce—In the matter of the 
distribution of rainfall m Smd the data for Kohistan are very important, 
as they give an indication of the periodic supply of rain water in the Ualir 
Basin, which is the main source of Karachi’s water supply Here too the peaks 
of good rainfall alternate with the years of drought At Khadeji the 
record is as follows — 


Year 


KhadeJl 
Jl.0. No. 2 
Inches 


1914 

5 02 

1916 

a -63 

1916 

16-60 

1917 

11 -48 

1918 

0 62 

1919 

10-06 

1920 

1-83 

1921 

12-17 

1922 

3 86 

1923 

6 61 

1924 

6 32 

1925 

0-75 

1926 

7 76 

1927 

8-19 

1928 

2 94 

1929 

9-37 

1930 

8-25 

1931 

1-24 

1933 

10-86 

1933 

16-70 

1934 

6-29 

1936 

4-40 

Average 

6-80 


[Data supplied by the Office of the Karachi Mnmctpahty ) 

Thus, though the rainfall m Kohistan is usually scanty, there are years 
in which It increases to over 15 inches, S|' , in 1916 and 1933 It is even 
more at Khadcji than at Karachi in some years There is, therefore, plenty 
of underground water secured by percolation and absorption in the deeper 
strata of rock in the dry nver basin. (See Appendix III ) 

Even in the region called the Thar Desert, there are good, though 
occa.sioual showers and years of floods. The following is the average rainfall 
in the different Talukas of Thar Parkar .— 
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1 S.«i.o 1 L»«..b.u| 1 Kh.p,o 1 

Samuro | 

Sanehv 

Um«rkoi 

J „ 1 l_ 1 1 



- 

lBlO-1935 1 * 1 *■“ 1 1 j ’ ** j 

1 13 a j 

6 C9 

9 39 


(Data from PWD.Sind) 


A poition of this rainfall is due to the winter showers, which account 
for water existing m the number of Dhands or lakes ui the Thar and the 
Pat Sections and affording camel pasture in the cool season 

Reasons for Scarcity of Rainfall — Apart from the fact that Sind usnallv 
escapes the influence of both the monsoons, there are other reasons of such 
scarcity or irregularity of rainfall >• 

(1) In the first plate, the arnval of the .S W moasoon is rather late m 
Sind and the season is short It docs not burst here in Maj-June, when 
the land is the hottest (mean maximum temperature at Jacobabad being 
113-7“F), but m July when the temperature is lower (mean masimura 
temperature being 108 5'’ F ), and the thief pressure gradient is over the 
Peninsular and the Bay of Bengal The reason is that the upper air current 
over N W India, flowing from the west and north-west during the season 
IS warm and dry with low huniuhty aud this descends a couple of thousand 
feet against the S W monsoon current 

(2) The northern parts of India get very cold in winter, the Himalayan 
snows melt slowly in early summer and so the high pressure over the area 
takes much time to turn into a low pressure system, so essential for the necessary 
indraught Hence the delay in the actual arnval of the ramy season in the 
Indus valley and the reduction iii the number of r.uny daj s Also, the more 
the snowfall in one winter season on the mountains, the poorer the prospects 
of rams in the plains m the following summer 

(3) As the monsoon season advances, and the lowest pressure is well 
within the angle between the Kirthar and the Himalayan Mountains, the 
air can only flow in here from the south and east and so only a portion of the 
monsoon current containing a bttlc moisture can pass over the Province 

(4) The land being exceptionally and increasingly hot from south to 
north, e g , mean T 86’ F at Karachi to 96’ F at Jacobabad, the humidity is 
relaUvely reduced, from 80% to 60% only. The high temperature is 
also further increased on account of the dry hot land and the absence 
of low clouds, 

(6) The air current over the N W. must nse some 3,000 ft above 
the sea-level before any appreciable precipitation can take place. Sudi Is 
not the case in Sind, and the upper layers, being warm and dry, do not 
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aUow formation of low clouds over the land While in North India and in 
the Ganges basin rainfall increases as we approach high mountaias, in the 
Indus basin the reverse is the case, precipitation decreasing considerably on 
the western highlands 

VanahiUty of Rainfall —tiot only is the rainfall in Sind scarce but it 

15 also irregular, so that for every one season of good rams, there are two 
or three or even more of drought At times, again a whole season’s ram falls 
within a couple of days and there is prolonged scarcity for the rest of the 
vear The result is terrific floods and destruction of crops at one time and 
severe drought at another “Over the Indo-Gangetic Plain, variability* is at 
a maximum in Central Sind, which is at once the seat of the most niggardly 
and also the most variable rainfall iii the whole of India The noticeable 
improvement in reliabibty is of little, if auv. economical sigmficance, for 
throughout Sind, Bhnwalpiu and Western Rajputana a variability of over 
30 iier cent combines with an average rainfall, which is nowhere greater than 

1 6 inches and for the most part is considerably less ”** 

In Sind and Cutch the annual jiercentage deviation from the average 
IS i 37 (mean) + 124'’ (max ) - 53” (mm ), the most unique m the whole of 
India 

ollowing table of comparative variability is significa 


Station 1 

Average 

Annual 

Kaintall 

Variability 

Navxhoo (Sind) 

5' 

53% 

Cawniioro (UP) 

.34' 

20% 

Calcutta (Bengali 

65' 


Rohn (Sind) 

6' 

66% 

Sirea (Punjab) 

12' 

46% 

Lucknow (UP) 

35' 

38% 

Darbhunga (Bengal) 

44' 

20% 

Bansal (Bengal) . . 

63' 

1«% 


• Variability of rainfall l» the degree in which the rainfall of any given year la liUcIy to 
deviate from the local average either iii cxccaa or defect (Blanford). 
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This shows that while the normal yearly rainfall increases from a minimum 
in Sind to a maximum m Bengil, the variability is the reverse '' The 
ptovunce in which the annual variations us compared with the general average 
are greatest is Smd and Cutcli 

In this region, again, there is variability of summer rainfall of 40 per 
cent to 00 percent from the desert in the east to the highlands in the west 
[See PUte 1(4) ] 

Even during the different months of the monsoon season, the varia- 
bility is different in different regions of the Indo-Gangetic Plain, the worst 
sufferer being Smd — 

Kegion Kogion 

lull IV 

60-75 45-60 

40- 50 30-40 

10-50 35-50 

60-75 15-60 

>100 >75 

Thus the rainfall in the Lower Indus basin is not onlv scanty but also 
irregular and unreliable ; so one cannot speak of normal ra/utall figures for 
any station in Smd. "Within the Middle and Lower Indus lowlands, the so- 
called normal rainfall figure* are anything but indicative of conditions from 
year to year 

In the case of Karachi over a jieriod of a third of a century, the normal 
rainfall was 6 3 inches though half the season’s precipitation was no more 
than 4 -3 inches In three seasons, the rainfall amounted to a little over 



V Cyclical Period 

This leads us to the consideration of a cyclical period m Smd There 
is no doubt that the floods come periodically but to estahlisli a cycle of a 
certain number of years is a most difiScult meteorological problem here Blanford 
established a cycle of 11 years from certain meteorological calculations which, 
however, do uot tally with the data collected in this region in recent years 
He marked the relationship between weather and sunspots, the maximum 
of which occurred at intervals of 11 years " But the actual amount of sur- 
face covered at each maximum is very irregular 
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Another argument advanced In favour of a cycle of 11 years is that it 
tallies with the main daily range of magnetic declination, according to Prof. 
Balfour Stuart But in this case also we have to deal with very irtegular 
curves It may be that there are other unknown influences working out 
a cychcal peti^ The temperature and rainfall in a particular area are 
caused by storms and depressions, which cannot be accurately gauged or 
forecast at present But it can be said with a certain amount of accuracy 
that any alteration m the solar heat may modify the formation of cyclones 
and so a cyclical period 

There is, again, the possibility of connecting years of drought with the 
years of heavy snow-fall on the Himalayas, as too much snow may cause 
prolonged suspension of summer rainfall Droughts may also be due to 
un-seasonable persistence of dry land winds Another strange coincidence 
IS that a drought in the Peninsula is followed by one in North India, , 
1876 Deccan drought, 1877 Punjab drought 

So far as the region of our study is concerned, a cycle of 1 1 years is quite 
out of the question In very recent years a cycle of 6-7 years is noticeable, 
VIZ . 1902, 1908, 1910, 1913, 1921, 1926, 1932 (See Plates III & IV ) 

VI Chmattc Change 

Is, then, the climate of Sind also changing ? There are several records 
to show that Sind exiienenced a better and more congenial climate in pre- 
historic days " It IS related by the chronicles of antiquity that in days gone by, 
in ages that have long fled, Smd was a lovely lan<l, situated in a delightful 
climate, a fertile plain, traversed by the benefleent Mihran with large flourish- 
ing and populous cities, orchards producing every kind of tree and fruit, 
and gardens that were the reflections of Iran and the envy of the seven 
Heavens •'*’ 

The remains of Mohen-jo-Daro and of other kindred sites m Sind distinctly 
indicate a wetter Smd in the pre-Aryan period 

The admirable researches of Sir Aurel Stem*® m Baluchistan and Wastiris- 
tan show that the chmate of Central A.sia must have been in the past more 
favourable, especially m Gedrosia where there were impenetrable forests “ 

Again, a favourable climate is an essential condition of high civilisa- 
tion This has led Sir John Marshall" to believe that in the chakolithic 
age of Mohen-jo-Daro the rainfall in Smd must have been 16-20 inches 
average annually. He thinks that the northern storm belt was then deflected 
by arctic pressure further south At the same time a deflection of the S W 
monsoon current is also suggested On the whole, all the dry Afrasian belt 
was covered by westerly tain storms in that age 
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Dr. C W Norraan4, Director of the Meteorological Department of India, 
has opined that more ram in the summer season was possible m Sind and 
Baluchistan at the time of the Indus Valley Civilisation, “ as a very much 
greater change in meteorological conditions is required to explain a copious 
rainfall in winter, unless a change m the orography of Sind’s surroundings 
in simultaneously postulate' 

Mr Majiimdar is also of opinion that from the presence of many drains 
and pipes and burnt bricks of Mohen-jo-Daro, figures on seals of animals 
living in moist climate such as rhinoceros, tigers and elephants and of trees 
on painted pottciy, it cun be surmised that Sind must have seen wetter years 
in the miUeuniums before Christ ** Remains of elephants and rhinoceros 
are actually found on the eastern side of the Kirthar Range 

Burnt bricks and not baked ones were used m Sind m those prehistoric 
times Even in the remains of Bahamanabad distovored by Bellusis, such 
burnt bncks were used suggesting greater rainfall •' 

Raverty has .loticcd in Arabu, geographers a reference to the green 
(Hanana) and cultivable lands now King b.uren*" A big forest between 
Dakhi and Khaufiur in karkana District was actually iitihscd by the Daud- 
potras for their Shikargahs 

That the climate of Siiui lias become gradually <Incr to-day than at the 
time of Mohen-jo-Daro is also allested by Ur Mai kay from the rapid deterio- 
ration of bricks, which is now taking place and tliosebeautifullv preserved 
in the buried city “ This state ot things was due to the fact, that the plain 
round the city was then well watered and consequently tlie destroying 
action of the salt was checked, although as we know the buildings needed 
frequent repairs 

In this matter of climatic change, the climatic tables, of two sets of 
normals for the three stations Karachi, Hyderabad and Jacnbab.ad, covering 
two long distinct periods, are also suggestive (Sac Appendix 11) 

Whatc'ver the mete-orological conditions of Sind mav have been in the 
past ages, the rainfall recorded for the past five years docs not give any indica- 
tion of a change of climate The year 103.3 was only a flood year for Karachi 
while m 1935 and 193G the rainfall at the station was decidedly poor, while 
Hyderabad has fallen below the average 

There is a suggestion made by some writers that the Sukkur Barrage 
which W fully functioning since 1932, would help Smd to secure wore rains 
But such an expectation is too premature Considerable data“ must be collected 
and more time must elapse before the meteorologists of Sind can come to 
any definite conclusion It is not impossible tliat more extensive water 
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Rainfall SMtslics 
tnJia Weatkfr Reriewi (1929 


Year j 

Karachi | 

Hyderabad 

Jacobabad 

9.U 

0 7.3 j 

2 01 

l-ll 

9.'i2 

12 78 

4 .3 3 

.6 24 

9.13 

20 11 

8 00 

6.71 

931 

8 07 

8 3.6 

6 97 

9.16 

1 61 

3 29 

5 30 

»,3(. 

3 7.3 

1 24 

.3 <31 

iierage 

8 ,32 

6 13 

4 49 


supply, perennial irrigation, afforestation and continuous evai>oration may 
cause slightly greater precipitation of rainfall m Sind in the years to come 
S.iys Blanford " Of the inllucucc of local evaporation m enhancing rainfall, 
one or two instances are given especially that of Yarkand and that of the 
irrigated tract bordenng the Indus in Sind and the lower Punjab ” 

Summary 

In no other region in India arc the climatic conditions more unique, 
irregular and unstable than in the Lower Indus basin It is the driest and 
hottest of all Indian provinces, aridity being its commonest feature, eg, 
Jacobabiul has a mean maximum temperature of 1 1;!” !•' and mean humidity of 
illierc'cnt The thermal equator pxsses through Smd These conditions are 
accentuated by its physical features, the Thar Desert in the east, the sea 
in the south and the Hala-Suleman (Kirthar) Mountains with their peculiar 
re-entrant angle, in the west and northwest Thus the temperatures are 
cxcejitionally high in summer but in winter they arc comparatively low 
The diurnal range of temp. rature is also great {eg , over 46° F in a single 
dav at Jacobabad) Nearest the sea coast, the daily range of temperature 
IS less The monthly range increases from south to north and from summer 
to winter (« g , Jacobabad has a summer range of temperature 42° F and 
winter range 60° F ) The greatest humidity occurs in August, wr , 76, but 
the least in December, viz , 68 in Lower Sind and 47 in April in Upper Sind 
Thus the weather is drier and hotter but more bearable in the north than 
in the south The skies arc generally clear and frost is not uncommon. 
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While m Upper Sind it is generally calm for nearly half the year, nearer 
the coast of Sind, the wind velocity is about 16 miles jier hour in the monsoon 
season Dust storms and squally weather are common in the beginning of 
the two chief seasons The predominant wind direction at Karachi i> westerly 
before the monsoon season begins, but in winter the direction is north-east 
or north-west In Upper Sind, however, it vanes from south-east to north- 
east in summer and from north-e.ist to north-west in winter 

In the matter of rainfall, the region suffers the most It is not only 
precarious and scanty but also the most variable in India, the orography 
of Sind being mainly responsible for it What little precipitation it gets 
is often due to cyclonic storms, caused bv eastern ami western disturbances, 
particularly the former The average rainfall is about 7 inches in Lower Smd 
and about 3 inches in Upper Sind, with only about 8 rainy days in the whole 
year, July being the rainiest month The greatest peculiarity about the 
rainfall curve is that after gaps of six or seven years of scarcity, there are 
peaks of good and at times lieavy rainfall, though the cyclicsil penod is hard 
to detennine It is a question whether there is any real progressive climatic 
change in Sind, as the history of the Province shows that there might have 
been greater rainfall in the past when forests existed It is equally ilifficiilt 
to say whether the 'sukkur Barrage drainage system would influence future 
rainfall Even with percnmal irrigation, .ifforestation and continuous 
evaporation it is not certain whether Sind would see welter davs 

The paper is a continuation of the Geographical Analysis of the Lower 
Indus Basin (Sind), already published in the Proceedings • It is illustrated 
with necessary graphs, sketch maps, etc 

Reliable climatic data for many stations in Sind are hard to obtain 
For the present Paper they have been collected from the Gazetteer of the Pio- 
Vince of Sind, and from the publications of the India Meteorological Depart- 
ment, e g , Ituiia Weather Reviews, access to which w.is kindlv allowed 
by the Meteorological Office, Karachi . also from the records of the Develop- 
ment and Research Department, P W D , vSmd. and the Office of the Karachi 
Municipality, by the courtesy of the chief executive officers 

My thanks are due to Professors E G R Taylor. Dr H A Matthews, 
both of the University of London and to Professor D N Wadia, of the Geo- 
logical Survey of India, for their guidance and helpful suggestions 

* Prac, Ind Acad Set , B, J9J6, 4, No 4, 283-355. 
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APPENDIX I 

Gturral H'eathtr Conditions m iind Month by Month 
January 

Coldeat month ol tli* year 
Western disturbances atlect the region 
Cold waves, ram. stiiially and northerly wind expected 
Dust storms and trust also are likely 
Mean temperature— Max 74 8* F , Miii 50-4*F 
Mean rainfall- 12 inches 
Mean Baro pressure-- .10 OOS 
Mean humidity — 00% 
fhnicral wind dirertion- N E , N W 
February 

Meteorological cuiiditiuiis similar to tliose in January 

More windy month— Chilly weather 

More westerly depressions -Uain expected 

Mean leniperature— Max 78-8' F , Mm 54 2* F 

Mean rainfall— -21 inches 

Mean Baro pressure— 29 950 

Mean hunHdity-59% 

Cameral wind direction, NE, NW 
March 

Dry weather, clear or partially clouded skies 

Ratlicr dusty month 

Early mornings foggy near the coast 

Western disturbances still .xcur with scattered showers 

Mean temperature— Max 88'7'F .Mill 63 7° F 

Mean rainfall — -IS inches 

Mean Baro pressure— 29 855 

Mean humidity- -5(>% 

(letieral wind direction — N W 

Winter conditiutis disappear and summer conditions appear 
S W wind begins to blow across the region 
Dust storms at times, prartKally no rainfall 
Mean IcmpiratHre — Max 96'6'F . Min. 72-1" F. 

Mean rainfall — 7 inches 
Mean Baro pressure— 29 '712 
Mean humidity— 50% 

General wind direction— S E 

May 

Arabian Sea storms begin to affect Sind 
(Tropical Sea storms of the Arabian Sea enter Sind Coast, 
12 months ) 

Practically dry weather Ooudiness increases 
Moderate to strong surface winds from SW 
Dust storms expected 

Mean temperature — Max 102 8*F , Min 78-3“ P. 

Mean ramfall — -IS inches. 

Mean Bam pressure- 29 -590. 

Mean humidity— d0% 

General wind direction— SE 4 SW 
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Holtcut month of the year 

Wind ciirreiil stronger than in May 

Roi%h seas and swells 

Coastiiift steamers stop sailing 

Mean temperature— Max 103 3" F , Mill 83 

Mean runfali- 33 inches 

Mean Barn pressure — 20 420 

Mean humiihty — 63% 

General wirul direction — Si VV & S E 

July 

Rainiest month of the year 
MoiisixHi current reaches the interior 


llumithly 1 * experted 
Western depression oi 




Wind current strong 

Mean leinptrauire Max 00 2" K , Mm 82 
Mean rainfall— 2 58 inclies 
Mean Haro pressure —29 301 
Mean humidity - 72% 

Ocneml wind direction S W . S K 


P 



August 

Milder weather prcsails 

More cloudy and less rainy month 

Visihihly IS improved Wind direction still, S W 

Mean temperature -Max 95 3' F . Min 80 2“ K 
Mean rainfall — 1 8<> inches 
Mean Uaro pressure — 29 473 
Mean humidity— 75% 

General wind direction - S W S fc 
September 

Receding monsoon 

Dust storms aixt si)iialls arc fewer 
Wind velocity gets reduced 

Mean temperature — Max OS’4'’ F. . Min 74 4" F 


Mean Baro pressure 20 624 


General wind direction — S W S F. 

October 

Dry and clear month 

Only rare Arabian Sea depressjons 

Practically no ram 

Temperature rises slightly at tunes 

Wind direction now alters 

Rea Is smooth and coasting steamers liegin to ply 
Mean temperature — Max 94 9' F . Min 70-0° F 


Mean Baro pressure— 20 799 
Mean humidity — 63% 

General wind direction — SW,, NK 
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November 

Wind d.reet...n cliange. from W_SW to N_N W , NE 
Pleasant month Without any showers of rain 
WiJteni disliirbanccH on occasions bring ilnrales rarely 
Mean teiiipcralure — Max 87-4" F , Mm 59 ■7° F. 

Mean rainfall — 03 inches 
Mean Baro Pres5iire-29 937 
Mean humidity— 57^ 

General wind direction — N E . N W 
Deccmlier 

S<iually wralher expected 

Webern dislorbanics tome in at times 

Pleasant month 

Wind directions changes to N and N E 
Winter showers expected 
Sea very smooth 

Mean temperaiure— Max 77 0' F . Mm 51 8°F. 

Mian rainfall- 10 iiiclies 
Mian Baro pressure- TO 010 
Mean humidity — (<0% 

General wind dirertioiis -N W . N E 

Vf?— Tlie above siimnury of the weather rondilions for the wlioli of Sind is based 
the climatic data Cor the three mam stations in Sind, utilised m the body of the paiKi 
Karachi, Hyderabad and Jacohabad 
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Atpbndix ITI 

Comparison 0/ Annual Rainfall at Karachi (Manora) and in Kohtslan 
(See Plate V ) 


Karachi 

Year and Kohistan 

Manora 



{Vaia <A,Uiincd from the aaseUerr of the Rrovtwe of Sind B Vol 
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EXPLANATION OF PI ATES. SKETCH-MAPS, GRAPHS, ETC 

I (a) Skflch-map» of Smd ihuwinK — 

(1) Climatic divisions 

(2) July temperature (Mean) 

(3) Rainfall distribution 

(4) Surface winds 

(b) Skclcli-maps of India showing— 

(1) July rainfall (Blanford) 

(2) July teniperatiirc (Blanford) 

(3) Variability of summer rainfall (Clerk) 

(4) July wind and pressure (Blanford) 

(5) Stream lines dunng monsoon (Blanford) 

II Graphs showmg- 

(1) Mean maximum temiieralurc at Karachi Hyderabad and Jacobalad 

(2) Mean minimum lemperatuv at Karachi, Hyderabad and Jaeobabad 

(3) 1 licrmograms at Karachi 

(4) Annual rainlall at K.araehi (Manora) and Miadcii ind Growth of Popula- 

tion of Karachi 
III Graphs showing- 

(1) Huctuations of rainfall at Hyderabad 

(2) Average anmial rainfall at Karachi and other stations 

(1) Average monthly rainfall at K-irachi and other stations 

(2) Mean monthly rainfall at Karachi. Ilvderalad and Jaeobabad 
V Graph showing annual niiifall at Karachi (M, moral and Kohistan 
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IntroduettoH 

Thh Cretaceous age of the Bagh Beds was first recognised by Col Keatinge** 
in ISSO from the fossils he collected from the neighbourhoo<l of Chiralchan 
(lat 'iV 'll' Hd'. long 75" 7' '«!') Ot the fossils from these beds, only the 
cchmoids and the ammonites have so far received, jiroper attention. 
Duncan”** on the basis of lus study of, the eclunoids from these beds consi- 
dered them to i>o of Ciiiomaman age This conchision was accepted 
by W T Blaiiford.* R D Oldham” and D N Wttdia *’ By others, 
however, these beds have been variously assigned .an age from Albian to 
Senonian 

While working on the eihinoids from the Bagh Bwls collected by the 
late Prof K K Mathur and bv the present writer, a few new forms have 
bi-en discovered These, along with such of the forms already known as 
reifuired some additional remarks on the basis of the new collections, are 
dtstribcd below 

Of the echinotds described by Fourtau” the name HemiaUer oldhamt 
being pre-occupied for a Miestrichtiaii stiecics from Baluchistan described by 
Noetling,” the specic.s is here renamed // fourtam The other two spatangid 
siiecies were assigned by Foortau to the genus Opissaster, Pomel, because 
of their ambulacrnl {letals sinuous and uiierpial at the poriferous zones “ 
This genus is, however, regarded by Duncan” and R T Jackson** as an 
invalid one The genus was evidently established by Pomel”-**.** to include 
Hemtusler species having Schtzasler-Xikc physiognomy but devoid of the 
latero-sub-anal fasciole Pomel himself, later on includeil in this genus, 
syieeies with two, three or four pores, high inter-ambulacrnl plates and 
petals flexuous or non-flexuous and excavated or not The confusion thus 
created led Ivambcrt”-** to revise the genus as “ having two genital pores, 
flexuous ambulacral petals and ranging from Eixene to Recent " 

The Indian specimens under consideration certainly do not belong to 
Opusaster They have flexuous ambulacrals and an apical disc with font 
perforate genital plates , the madreporite on the right anterior genital plate 
60 
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extends centrally bnt dties not separate the iiostcnor genital filates They 
thus belong to the genus Uemtasler 

■ Desirtpuon of the Sfectes 

Salenta mathurt* sp nov 
PI VI, Figs 3a-.V 

Dtmenstons— PianieUr Height Htight/Hiamcter 

n Oinm G SiTim 6 18/10 

DesertpUon —Te'it is imich depressed, .mibitallv tumid, very feebly 
convex sujieriorlv and rounded inferiorlv vSiiiall jieristoiiie is about J of 
the diameter of the test , branchial iiieisions are well marked Apie'al disc 
IS large and iwlygonal being about 66 I per cent of the* diameter of the test 
Periphery is taise>d with sutures of genital and oeular platis stronglv intised 
Genital plates are as broad as high, well aiigulateil adorallv, oniatne*nted 
with radial grooves and ndges and unc(|iiallv divided, with the outer part 
markedly smaller. Large elliptical geiiit.il ports are imperceptibly rimmed, 
adorally eccentric and i>l.ittd iii feeble deiiressioiis Madreporite is on the 
right anterior ge*nital plate and roughly trapezoidal in shape running towards 
the suture with ocular III bur-anal i>late is larger than the genital ones 
but similarly oniameiited Ocular plates are radially grooved, twiee a.s 
broad as high and feebly adorally convex, with adorally eiccntne ocular 
pores At the periphery, ocular plates art broader than the ginital ones. 
The ocular plate 1 is insert Penproet is broadly elliptical ami deeply 
excavates the sur-anal plate, reaching the pore*s on the genital plates 1 and 2 

Ambulacral area.s are wide and slightly flexuoits Port -pairs are oblniue 
with pores separated by granules Adapically iwrt-pairs are uniserial over 
three-fourths of the ambulacral length , from lialfway lietween ambitus and 
peristome they become gradually bise*nal attaining distinct Iriserial disposi- 
tion on the first three adoral plates This transition is accompanied by an 
ai>preciable widening of the ambulacral area, swelling of the mtcr-ixinferoiis 
tubercles aud widenmg of the miliary zone On api>roaching the jicnstomc 
the iiiter-ponferous zone is narrowed slightly with correspondmg decrease in 
the size of the last three tubercles, while the tnserial arrangement maintains 
the width of the ambulacral areas The Inter-ponfcrous zone carries two 
rows of small tubercles and microscopic warts disposed zig-zag m the middle 
area 

Inter-arabulacral areas are three times as wide as the ambulacral ones 
and carry two scries of high plates, four or five per senes. The primary 

• Thii tpcclet ii named after the late Prof K K. Mathnr 
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tubercles are creiiulatc, imperforate and inameloned , the scrobicular rings 
are of the "Quadrate” tyije of Arnaud * The median zone with miliary 
granules is slightly narrower tlian the mteT-\Torifcrous zone Each plate in 
the mid-zone abuts against 8 to 10 ambulacral plates at the ad-ambulacral 
suture 

Cow/iarisoH — This species differs from the associated S keaUngei, 
hourtau“.H»» chiefly by its higher but discoid form . apical disc and peri- 
stome smaller , lower and wtll-angiilated genital plates , and conspicuously 
sudden increase m the width of ambulacral areas and mihary zone, and by 
the size of the inter-jioriferous tubercles 

5 predtHw, Desor“-**-'*-“-”'“-**'" from Aptian of Algeria and Western 
Europe and S scutugera, Gray»>'“ from Cenomanian of 
Charente, Tunis and Algeria differ from the present spceies by their relative 
dimensions and nature of the corona and apical disc 

S cyUndrtca, Arnaud'* from I-'rance differs from the species described 
here by its taller test, wider peristome and a smaller apical disc , otherwise 
these two forms ate very closely similar 

5 mamiUata, Cotteau'*d‘ from the Aptian of Anlie has its apical disc 
sculptured very similar to that of S malhun , but diHurs in relative dimen- 
sions and nature of the inter-ambulacral plates 

S maxtmi, Arnaud from Senonian of Charente has its apical disc 
and arabiilaoral areas very similar to those of the present species , but they 
can be distinguished one from the other by theu relative proportions, lower 
inter-ambulacrat plates anti wider mtei-anibulacral areas 

N.B —All the type specimem ate preierved in the Department of Geology, Benares 
Hindu University 

Diplopodia {Tetragramma) aff micropyga, Eourtau 
PI VI, Figs l«--l/i 

Dmenstons — Diameter Height Height/Diametcr 

27 2 mm 10 0 mm 3 7/10 

Description — Test is discoid with small iienstomc in a conspicuous 
depression Apic-al disc is not preserved but will be about one-tliirds of the 
diameter of the test 

Ambulacral areas are narrow with poriferous zones slightly flexuous , 
pairs of rounded jxires are oblique in arcs of four, being umsenal at the 
ambitus and diplopodous at half the distance from the peristome and the 
apical disc towards the ambitus Plates consist of three primaries and one 
adoral demi-tilate, the primary next to the demi-plate being the largest. 
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Two ■series of 16 or 17 primary perforate crenulate, scrobiculerl tubercles 
cover the mtcr-ixirifcrous zone, niiliarv Kraniiles being absent 

Wide mter-aiubiilacral areas carry six sf ries of pniiiarv perforate creiiii- 
latc tubercles with scrobiciilar rings Disorderly granules m the median 
sutural area dk out dorsally above the ambitus The tubercles are almost 
eipial to those of the mter-poriferous zoms Only the middle two series 
with 16 or 16 tubercles reach the apical disc, the lateral series dying out 
successively above the imd-zone Internal ranges of tubercles show that 
this siiecinien liclongs to hambert’s group of 1 eirugraMima zumoffent, 
Cottcaii 

Comparison — T almerat (Lamljert)**-” from Aptian of Hareelona differs 
from the present species by its more dipnsstd, ixjlygotial test and weaker 
doubling of the pore-pairs 

PseuHodtademu rotssyi (Cottcaii)'* from Cenomanian of Sarthc has its 
test higher, primary tubercles more differentiated and ambulacral areas 
widei 

A verv close affinity is found between the present speeunen and 
D micropvga, Fourtau** from the lower Cenomanian of Egyrit , the bad 
prcstrvati’on of the sixcimeii described here however leaves thrir identity 
m doubt 

Eehnwbnssus cj angtUter, Gauthier 

Pesertplion — The specimens available for study are not well preserved 
The test is longer than broad, anletiorly tumid and feeblv tapering, and more 
rounded than truncated behind Periproctal groo\e reaches upto half the 
distance Ixtween the apex and the slightly mdented posterior border 
Summit of the test eoineide« with the apical disc at three-fifths length from 
the front Peristome is in a depression at two-fifths length from the front 
Ambiluerals are lanceolate with conjugate, elongate pores and the inter- 
jionferous zones are narrower tliaii the poriferous ones 

Coinparison —These specimens offer the closest resomblane'e to the 
variety, E angutter, Gauthier’* from iipjier Cenomanian of Algeria 
Eckinobrissus sp tndel 

These specimens are also poorly preserved They differ from those 
described above by their having a test almost squarish in outline with a very 
obtusely rounded anterior border Distally the ambulacrals are slightly 
deflected outward 

These specimens resemble more closely to the variety of E artgtUier, 
Gauthicri* from the Albian and middle Cenomanian of Algeria 
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It 11 significant that these two echinobrissi should occur in the Bagb 
Beils at the same horizon, their Algerian allies being found in successive 
honrons, » a . in Albian to middle Cenomanian and upper Cenomanian 
Though with better material to work upon, these two forms may have to 
be merged into one species. In their present state of preservation they are 
best described separately 

Hemtaster fourlaut,\ nom nov 

1887 Hemiusler ctnomanensts, Duncan non Cotteau — Rec G S I , 
20 , p 91 

1918 Hemtaster oldkami, Fourtau non Noetliiig — Rec G S / , 49 , p 48, 
pi 2, figs 2-3 

This species IS recorded here under a new name, its old name bring 
prc-occupicd for a Mie^tnchtian species from Baluchistan “ It differs from 
the Baluchistan species mainly by its test being widest behind the middle, 
narrower and strongly excavated anteriorly , supenor face sloping more 
gradually to the front than behind , apical disc more eccentric behind , 
paired petals less divergent and peni>etalouH fasciolc more regular 

Hmtaster holo-ambttaius, sp nov 
PI VI, Figs 4«-4c. 

1887 tiemtasUr stmths, Duncan non d'Orblgny net Cottcan nec Oldham 
—Rec G S / , 20 , p 92 

Opissaster sp tndet — Rec G S / , 49 , p 51, pi 2, fig 4 

Test IS oval, almost vertically truncated bebmd and rounded in front 
Apical disc IS at one-thirds length from behind, rather compact with four 
perforate genital plates, the madreponte on the right anterior genital plate 
extending centrally but not separating the iiostenor genital plates 

Odd ambulacrc is in sliallow, narrow sulcus which stops well above the 
ambitus Rounded pores arc separated by granules , the flexuous paired 
petals are in shallow grooves, with pores arranged in " Chevrons " Poste- 
rior petals are about three-fifths of the anterior ones The biggest of the 
specimens has 16 pore-pairs in the posterior petals and 28 in the anterior 
ones 

Penproct is towards the top of the posterior face Peristome is at 
one-thirds length from the front Peripetalous fascicle crosses the odd 
ambulacrc- well above the ambitus 

t This s[>ecies Is named after R. Fourtau who had previously described this species 
under a different name. 
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This species combines the characters of Hemtaster sensu stricto and of 
Inteftaster, Lambert and Thiery " 

Companson — Due to bad preservation of the specimens available for 
study, Fouttau had wrongly allied this species with H vtgnest, Cottcau 
from the east of Jordon** But it has much lower test, more developed 
ambulacrals and apical disc more eccentric behind 

The present species differs from H siella {Morton)‘'*~*'-*'-“ *• from upper 
Cretaceous of U S A by its test mcdianly widest and anteriorly more tumid , 
upper face sloping forward more gradually , anterior groove narrower and 
shorter, and petals more flexuous 

Narrower form, shallower grooves and fl.itter infenor face distinguish 
this species from H astertas, Forbes**-*'"** from the Albmn of holkstone and 
Yonne 

From H rtUott, Lambert*' from Sciionian of Bclguini, this si>ecits differs 
by Its petals more flexuous, test arabitolly oval and infcriorly more lOin-ex 

Hemtasier meslet, Peron and Gauthier 

1878 HemtasUr me4et, Peron and Gauthier— /ess Algeria, fasc 4, 
p 10, pi 2, figs 6 8 

1889 Hmiaster meslet, Peron and Gauthier— FeA foss Tuniite, p 12 

1014 Hemiaster meslet, Peron and Gauthier— Faf hiverl foss Egypt 
Pal Ser , No 2, p 81 

1932 Hemtasier meslet, Peron and Gauthier— Mem Soc Geo France, 
No 16, n s VII. fasc 4, p. 12 

The specimens from Bagh Beds differ from the tyiie of Peron ■md 
Gauthier from the Cenomanian of Algcna by their very shghtfy broader test 
and a little less conspicuous anterior indentation Such differences, how- 
ever, arc not unexpected in species having such a wide geographical range 

Hemtaster cf thomast, Peron and Gauthier 
PI VI, Fig 2 

Dimwstoits —Length 30-6 mm 22 •6 mm 20 0 mm 17 0 mm 

Breadth »0*6 21-4 „ 21 0 „ 16 4 

Height . „ 14 0 ., 16 0 ., 11 -0 „ 

Dwcnjifiow — Test is tngonal, widest at one-fourths length from the 
deeply indented front, rapidly narrowing behind, with supenor face more 
or less regularly raised 

b5 '' 
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Pores in the odd ambulacre are oval, placed in ''Chevrons" and 
separated by granules An internal row of scrobiculed tubercles rises up 
along the poriferous sones for half the length of the groove, above which 
they die out gradually Two rows of granules follow the horizontal sutures 
of the ambulacral plates In the paired petals, the pore-pairs are oWique 
at the proximal ends, straight in the middle and in "Chevrons" at the 
distal ends Dorsally to the pore-pair a line of granules passes along the 
honwintal sutures Posterior petals are three-fourths of the anterior ones 
The biggest specimen has 36 pore-pairs in the posterior petals and 41 in the 
anterior ones Inter-ponferous lones arc narrower than the poriferous ones 

Penproct is towards the top of the posterior steeply truncated face 
Peristome is at onc-fourths length from the front Peripetalous fasclole 
crosses the odd ambulacre just above the ambitus and shows no inflexions. 

Apical disc IS sub-central, rather broad with four perforate genital 
plates Madreporite is on the right anterior genital plate and extends poste- 
riorly so as to sejiarate the posterior genital plates Ocular III penetrates 
between the genital plates 2 and 3 

Companson —This species has a very distinctive form and need be 
comiiared only with H thomasi, Peron and Gauthier**<“ from the Senonian 
of Algeria Tlic Algerian species, however, attains twice the size of the 
Indian form , its inferior face is more inflated, superior face more raised, 
test a little broader and the jiostenor petals a little longer. 

Discussion and Conclusions 

The accompanying t.ablc summarises the vertical distribution and the 
affimly-relations of tlie cchinoids from the Bagh Beds with those from 
Europe. North Adrica and Western Asia It will be seen that some of the 
species show close affinities with co-Cretaceous forms and appear to be 
ancestral to some meso-Cretaceous species PlacenUceras mintoi, Vredenburg 
IS closely related to P uhligt, Cboffat and P saadense, Peron and Thomas, 
The appearance of the genus Hemiaster in the Albian coupled with these 
relations of the echmoids and ammonites led Fourtau to regard upper 
Albian (upper Gault of the British Stratlgraphersl rather than lower 
Cenomanian as the more probable age for the Bagh Beds Such a view 
was not unjustified, considering that the material with which Fourtau had 
to deal consisted only of the few type specimens m the collection of the 
Geological Survey of India. 

With the extensive collection at the duposal of the present writer it 
has been possible to carry out a detailed study of these echinoida. Besides 
the eight species previously known to be represented in these beds, six new 
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and important forma are now added to the list, thus giving a basis much 
more defimte, than was possible lutherto, for the correlation of these beds 
with those outside India 

Among such valuable forms is Dtplopodia cf mtcropyga, Fourtau show- 
ing lower Cenomanian affinities " The genus Dtplopodui, McCoy, not known 
to survive the Cenomanian (lower Chalk)"-*® fi<es Cenomanian as the upper 
age limit for the echmoid fauna of the Bagh Beds Four out of five species 
of Hemtaster recorded from these beds of the Narbada valley belong to the 
sub-genera Proraster, Mecasler and Integraster all of which make their first 
appearance m the Cenomanian*®, obviously, this gives the lower age limit 
for the beds under consideration 

Hemtasier fouriaw, nom iiov , by far the commonest of the echinoid 
species from these beds, has its nearest ally H luynest, Cotteau in the 
Cenomanian of Palestine H meslet, Peron and Gauthier, though not very 
abundantly represented in the Bagh Beds, occurs m the Cenomanian of 
Algeria, Tunis and Egypt H sub-sttmbs (Fouttau)"-** and H. cf 

Ikcmast, Peron and Gauthier"-" have their near relations in the Senonian 
of Persia and Algeria respectively 

Vredenburg" regarded his PlacenUuras minfot as being very closely 
related to P tatnultcum, Stolierka from the Trichmopol> stage (lower 
Senonian) of the South Indian Cretaceous It is also closelv related to 
P uhltgt, Choffat" “ and P saadense, Pctoii and Thomas**-** of which the 
latter is a Cenomanian fonu, the former ranging from Gault to lower 
Cenomanian 

Though the genus Hemtasfer makes its apfiearance in the Albian, its 
species from the Bagh Beds, as is shown above, cannot certainly be dated 
older than the Cenomanian Thus taking into consideration the affinities 
of these echinoid species In general, the more appropnate age for llie Bagh 
Beds, so far as the present study shows, will be lower Cenomanian rather 
than upper Albian 

P N Bose* was inclined to regard the different subdivisions of the Bagh 
Beds as representing distinct stages approximaUlv equivalent to those of 
the Cretaceous Series of South India The vertical distiibution of the 
echinoid species as given in the accomr,anying table is, however, qmte 
contrary to this idea The different constituents of this senes of the 
Narbada valley must be considered, as Duncan has mentioned," to belong 
to a single geological age, the differences being due more to variations in 
the lithological facies than to geological time. 



Table showing, the Vertical Dtsinbulton and Affintty-Rdahons of the Echtnoids from Bagh Beds 


68 


G. W. Chiplonker 




Ectnnotds from the Bagh Beds 


69 


A cknoioledgMetils 

In conclusion, I have to express my indebtedness to the Council of the 
Benares Hindu University for the grant of a Research Scholarship during 
which period part of the present work was carried out It is a pleasant 
memory to recall the kind encouragement that I received at the hands of 
the late Prof K K Mathur My grateful thanks are also due to Dr Raj Nath, 
Head of the Department of Geology, for his kind interest in the present 
work and to the Director, Geological Survey of India, for permission to work 
in their Museum and Library 




4 Affiss'ii' and Desor 

5 Arnaud. H 

7 Blanford, W T 

8 Bom, P N 

9 Clark, W B 

10 — — - - 

12 Clark, W B , and 
TwiWhtll, M W 

n Ciiquand 
14 Cotteau, Ct 

17 Cotteau, G . and 

Gauthier, V 

18 Cotteau, Peron and 

Gauthier 

19 Cotteau and Trigger 

20 Cotter, G de P 

21 De«or 

22 Dmruu 

23 Duncan Martin, P 


26 Forbe., E. 


BlBUOt.BAPHV 

Mmwffrophc des Kchwixkrm! s Soludf, 1838 

Bchimdtt fosstles ic la iutsse, 1839, 1 
Ihtd , 1840, 2 

Catalogw Kaxsonnt dri bclwiodtrines, 184" 

Mem Soc Cco I ranee, 1877, 2, 10 iasc 4 
Ml Soc Urn, Bordeaux 1897, (i, 2 
Alim Geo Sur India, 1869, 4, (it 3 
/W, 1884, 21. Ill 1 

John Hopkins Umirrsily Circular, 1891, 10 

Ibid, 1893, 12 

Vmted Stales Ocoloyical Surrey Bull, 1897 , 97 

Monograph of the United States Geological Surges 1915, 

34 

Bull Soc Geo I'rance, 1859, 2, 16. 945-1023 
Bchinides fossdes de rVoiinf, 1857-78 2 
Fale'onlologie hrancaise. terr erri , 1857-69, 7 
kchmides fossdes de la Fyrentis. 1865. 2 

Musion Scuntifigue e» Perse. 1895, 3, pt 2 

Bchinides fossdts de rMgene. 1876-83, faac 3-8 
Echmtdes fossdes de la Deportment (U la Sarllie 1855-69 
Rec Geo Sur India, 1926, 39, pt 4 
Synopsis des bchinides fossdt’s el tnvanfs, 1854 
Slalisluiue Geolagigue et Mimralogique de la Department 
dn Card . 1876, 2 

Quart Joum Geo Soe , London, 1865 , 21 

Rec Geo Sur India. 1887, 20, pt 1 

Joum Linn Soe , London (Zoo), 1889, 23, Nos 141-44 

Morris’s Catalogue of British Fossils, 2nd Ed , 1854 



70 

27 Fouruu, R 

28 

29 


31 Jidcson, H T 

32 Johnson 

33 Keatmge, Col 

34 Lambert, J 

34 

30 — — 

40 Lambert, J , and 

Thiery, P 

41 Mrtet 

42 Leymerie ami Cottcau 

43 Lonol, P dc 

44 Muekerjee, P N 

46 Noelliiig, K 

47 Oldham, R D 

48 Orhingy, A de 

49 Pomel 


50 Ravn, J P J 

51 Rode, K P, and 

Chipkmlcer, G W 

52 Spath L F 

53 Thomas and Gauthier 

54 Tliomai and Peron 

55 Vredenburg, E 

56 Wade, B 


G. W. Chiplonker 

Mtm. /hj/ Bgypitm. 18», 3, fasc 7, 

CatalogHe dti Itntrt'ebrfs intniit de I’BgypU, terr crel 
Bchtnodermrs, Cfo Snr Egypt, Pal Str , 1914, No 2 
Rtc Gto Sur Mta, 1918, 49, pt 1 
CayJogot its Imtrltbrfs fossils it I'Byyptt , ttrr efti 
Echinodermes (siippl ) , Gto Sut Egypt, Pol Str, 
1921, No. 5 

‘ F,chlnodennatt,” in Ttxl-Book of Palitouhlogy, 2nd Ed , 
1927, 1, 2nd Ed. reprinted, by Estmann, CR— Zittel 
Proc Acad Nat Set Phiadelphia, 1905, 57 
Joitnt At Sot Btuyal 1858, 27, 116 
Mem Soc Geo France, 1902, 9, lasc 3, mem 24 
Ihii, 1906, 14, fasc 2-3, mem 24 
Mem Musee Hoy Kal Hist Belgique, 1910, 4 
Mem Cuncias Nat BorcWoxo, geo ser, 1927, I, fasc I 
Mem Sot Geo Frante, 1931, 16, (ns 7, pt 2) 

I hid. 1932, 16, (ns 7, pt 4) 

Essais Raisoiiiie dii Nomeuelalure drt Echutodnmes, 1909-25, 
(asc 1-9 

Ex plot Set. de la Mtr Merle, 1877 
Bull Sot Geo Erniife, 1856, 2, 13 , 319-54 
Eihmoloqte Helvetiqiu—Malericaur pour la Palleonlologu 
de la Smsse 1873, 2 
Rec Gto Snr India. 1933, 67 , 71-73 
Ibti. 1935, 69, 81 
Pol Ind, 1897, 14, 1, pt 3 
Manual of Geology of India, 1893, 2nd Ed 
Palronlologie hrancaise terr cret , 1853-59, 6 
"Classification Mcthodique et Rcnrcs des iM-himdcs fouiles 
et vevants.” published m Paleoiiloloqie on Ortcriplion 
des 'tmmoiix fossies it I'.Ugcrie, Bchmoilrmet, 1885, ' 
fate 2 

Mem Acad Roy Denmark, 1928, 9, 1 
Cure Sri, 1935, 4, 322 

Pal Ini. 1930, ns, IS, pi 5, 64 
Bchinidts fatsiet du Tuiiisie, 1889 
Mollusqaes fossils du Tunisie. 1889 
Rec Gee Snr India, 1907, 36, pt 2 
United Slates Geological Survey, Profetstond Papers, 
1926, 137 

Geology of India (MacMillan & Co), 1926, rtvised ed. 


57 Wadia, D N 





Echtnoids from the Bagh Beds 

EXPLANATION OF PLATE VI 


71 


Fro i ~Dtplnl>odta (Ttlragratttmo) aff mteropyga, Fourtau, 

(o) Inferior view, natural aiie, (b) side view, natural size (BIIU No E/4) 
Fro 2~-Htmtat:er d Ikomast. Peron and Gauthier, upper view, natural »iie, 
(BJHU No E/12) 

Fic 3—SaU«ta malkuri, sp nov , (a) auperior view natural size, VO same 
approximately 3S times natural sue, (c) side view, natural size, (d)same 
approximately 3 5 tunes natural sue (BHU No E/3) 

Fio 4 — Hemtasitr holoambOalus, sp nov, (a) superior new, natural sue, 
(6) side view, natural sue, (r) apical view, approximately 3 5 times natural 
size (BHU No E/IO) 
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ON PROTOCYATHEA RAJMAHALENSE SP. NOV., 

A CYATHEACEOUS TREE-FERN, WITH NOTES ON 
THE GEOLOGICAL DISTRIBUTION OF THE 
CYATHEACEAE. 

By Kurien Jacob, B A , M Sc , 

DipartmM of Bolony, Univtrtily of Lncknotv 
Received May 24, 1937 

(OOTimanicated by Prof fl. Sahni, ac.B,, r a » ) 

1 Inlroduchon. 

The specimtns described below were collected in December 1934 m the 
company of my fnend, Mr. R N Mehrotra, M Sc . from certain plant-beaniig 
beds at Sakngalighat, situated about one mile north of Salcrigali railway 
sUtion in Behar (see map m Sahni and Rao‘) The collection from this 
locality was supplemented the following winter, when I had the pnvilege 
of accompanying Prof. Sahni to this particular locality A third visit was 
made in December 1936 The specimens descnbed m the present communi- 
cation appeared to be of sufScicnt interest to deserve separate treatment 
The remaining specimens from Sakngalighat will be described m a subse- 
quent paper 

The plant-bearing beds are exposed about half-a-mile west of the ferry 
on the northern slope of a small hill abutting on the Gauges Surface 
collections were maile previously by others Mr W N Edwards was the 
fi«t to locate the fossiliferous beds at Sakrignlighat* , but as far ns I know 
none of the plant remains previously descnbed from this locality were 
collected tn sttu 

The plant-bearing beds are in two mam lones (PI VII, Klgs 1-4) The 

lower lone (A), composed mainly of highly bnttle shales, immediately underlies 
the upper hard silicified shales (B) The lower lone (A), over which the 
river flows during the major part of the year, is further differentiated mto 
several bands wbmh are, however, not clearly seen in the accompanying 
photographs (PI VII, Figs 1-4) The upper wne (B). about six inches 
to one foot in thickness, can be traced almost horizontally along the base 
of the cliff 


> Sshn] and Rm (1931), P.184. 

• Sat Sahni and Rao (1931), p. 185, footnote. 
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TtXT-Fia I —Protoeyathea ratmakaltttu ip nov Kough sketch of the type- 
•pecimen showing the iirruigcmcnt of the leaf-ciuhions and scars co Natural 
sue. 

TexT-Fio 2 —Protoeyalhta raimahaleiut sp nov One of the leaf-scars show- 
ing the arrangement of leaf-traces X ^ 

The fossils desenbed in the present c»mmimication were found in the 
upper band of hard silicified shales (B) , the lower zone composed of brittle 
shales (A), though rich in other plant reraams, has not so far yielded any 
fossils similar to those described below 

Cyatheaceous stems were hitherto described mainly from the Cretaceous 
rocks Quite recently two Upper Jurassic species from Korea were de- 
senbed by Ogura • The discovery of these fossils in the Rajmahnl series, 
which 13 at present considered to be probably of Middle Jurassic age,* 
takes us further back m the geological scale, assuming, of course, that the 
Sakrigali beds are not higher than the rest of the Rajmahal series A careful 
geological study of this and other plant-beanng localities in the Rajmahal 
Hills from the stratigraphical pomt of view should help to clear up much 
doubt regardmg the exact honzons to which the various members of this 
classical flora belong 

2 Descrtplton 

Protocyathea Peistmantel 1877 

The genus Protocyathea created by Feistmantel is a convenient 
designation for all tree ferns of Cyatheaceous affinity, that are preserved 
either in the form of casts or unpressions, and whose real affinity to any 
particular living genus cannot be determined owing to the absence of preserved 
internal structures The vascular bundles within the leaf-scars are generally 
preserved as a number of warts arranged in the form of arcs There is little 
doubt that, as at present understood, this comprehensive genus is highly 
artificial 

The type siiecimen of the genus, now preserved in the Museum of the 
Geological Survey of India (Pl X), is a stem cast showing large spirally, 
arranged leaf-scars with traces of a few va-scular bundles within them , it 
was collected by H F Blanford from rocks regarded as Cretaceous in the 
Tnebinopoly District of South India ’ 

» Offura (1927), pp 352 , Ogora (1927), pp. 364-368 

* Sahni (1932), pp 14, IS 

» The genui Proloeyalkta Fat, and the family Protocyatheaceie created by Bower 
(1926, pp 282-292) to receive the two comparatively primitive genera Lophojona and 
Meloxya have no direct relationahlp whatever with each other. 

* Feiitmantel (18771, p 136 

* See below page 82. 
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ProUxyathta rajmahaltnss sp nov 
E 188 , E 189 ; E 190 (unfigured) , E 191 • 

(Plate VIII, Figs 5-7 , Plate IX, Figs. 8-11 , Text-Figs 1, 2 ) 

Type specimen . E 188 (Plate VIII, Fig 5 ; Text-F^ 1). 
Diagnosis 5 <«»h impressums wUh large spirally arranged leaf-tushions 
or bases, each bearing at Us upper end the rhomboid scar of a fallen leaf 
Cushions compactly arranged on the older parts of the stem, about b-0 to 6*5 
cm byl-Tto^cm, surface wnnkled Scars roughly rhombotdal mth their 
longer axes hortsonlal, about 0-9 to I -0 cm. by 1‘4 cm , vascular bundles 
Jew (about fourUen ?). »n two curved rows, wUh two large median bundles at 
the top in the upper row (see Terd-Fig. 2) In the younger parts of the stem the 
cushions are greatly reduced, the pettolar scars of adjacent leaves betng almost 
contiguous , vascular bundles not preserved 

Four specimens are known of which one (E 190) is in a very bad state 
of preservation and is not figured They represent impressions of the 
younger as well as the older regions of the stem In the latter, the surface 
of the stem is seen covered over bv spirally arranged persistent leaf-bases 
or cushions But due to incomplete preservation it is diflBeult to determine 
the phyllotaxy At the top of each leaf-cushion or leaf-base is seen the scar of 
a fallen leaf, with small marks, no doubt of vascular bundles (PI VlII, Fig. 6; 
PI IX, Fig 11 , Text-Figs 1, 2). Below the scar the leaf-cushions exhibit 
a wrinkled appearance which is probably due to the scars of ramenta, though 
It may as well be due to a general shrinkage of the surface of the leaf-base. 
The leaf -cushions or bases are mostly elongated along the length of the stem 
(PI Vin, Fig. 0, PI, IX, Fig. 8, Text-Fig 1). This is the condition seen in 
specimens which probably represent the older parts of the stem In other 
specimens the leaf-scars have their long axes horizontal (PI VIII, Fig 6; PI IX, 
Fig 8, top half), and the scars are densely crowded, apparently with hardly 
any trace of the leaf-cushions between them (PI VIII, Fig 6, 6) This condi- 
tion seems to represent the younger parts of the stem A similar compact 
arrangement of scars is seen in some of the living Cyatheacese • In Fig 6, 
on PI. VIII, both these conditions are seen in one and the same specimen. 

Tlie arrangement of the relatively few vascular bundles within the 
scar IS not complicated , it seems, however, that they are not all of them 
preserved , hence a clear descnption of their arrangement is impossible 

The four specimens are described separately below 

■ Number! in thii form indicate the spccioietii from Sakrlfalighat (locality S. in 
Sabni and Rao, 19J1). 

• Ofura (1927 a), Rlgi 35-37, 70. 
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T*xT-Fte i —Prolocyelkta cyathtofits (Unger) One of the «car» ihowing 
the arrengement of the leaf-trace bundlei (After Unger 1867. Taf 1, Fig 3) 


TWT-Fio. 4 —ProiocyttHua tnchmopoltenni FeiJtmantel (3ne of the acara 
ihowing the arrangement of the leaf-trace bundlea. (After Feiitmantel, 1877, 
PI 1, F.g 1) 

TaxT-FiG S — Prolocyartro crclocta (Stena ) One of the leaf-acara showing 
the arrangement of the leaf-trace bundles. (After Hoiius und van der Marck, 
1880, Taf 43. Fig 86) 


T*xt-Fig 6 — Prolocyaihra Tokunagai Ogura One of the scari showing the 
arrangement of the leaf-trace bundlea X (After Ogura, 1931, Text- 
F.g. 1) 


T*xr-Fic 7 — Cyathocmlit naktongenns Ogura One of the scars showing 
the arrangement of the leaf-trace bundles X V® (After Ogura, 1927, Text- 
Fig 1) 


Specmen 1 (Holotype) 

F, 188 (Plate VIII, Fig 6; Plate IX, Figs 9-11 , Text-Figs 1, 2) 

Tins specimen shows the older part of the stem, with thirteen persistent 
leaf-cushions spirally arranged (PI VIII, Fig 6, Text-Fig 1) Each cushion 
measures about 6 0 to 5 6 cm by 1 4 to 1 7 cm , and at the top of each can be 
seen the scar of a fallen leaf (PI IX, Fig 11) The leaf-scars measure about 
0 9 {o 1 0 cm by 1 4 cm, and show a few small marks of vascular bundles, 
which unfortunately are only partly preserved (Pi IX, Fig 11 , Text-Fig. 2) 
The best preserved and oompletest scar is shown in PI IX, Fig 11 As far 
as can be made out, about fourteen separate and wart-like vascular bundles 
are seen more or less regularly arranged as follows about eight bundles 
are arrahged in an arc in the centre of the scar, and an upper row of three 
or four bundles runs close to the upper margin , the two median bundles 
in this upper row are larger than the rest (PI IX. Fig 11 . Text-Fig 2) , 
below, and on one side of the central row of eight bundles, is seen a group 
of three bundles which perhaps formed part of the lowermost arc of vascular 
traces that are only incompletely preserved on one side Impressions of 
certain elongated celk (sclerenchyma or ? tracheids) are preserved in certain 
parts of the stem (PI VIII, Fig 6, PI IX, Fig 10; A few marks of adventi- 
tious roots are also seen between the leaf-cushions, but the preservation 
18 too poor to show the details 

Specimen 2. 

E 191 (Plate VIII, Figs 8, 7) 

In this specimen the leaf-scars are densely crowded, apparently with 
hardly any trace of the leaf-cushions between them (PI VIII, Fig, 6 h) I/iwer 
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down, however, are seen one or two older scars with well-developed leaJ- 
ctishlons somewhat similar in shape to those seen in the previous specimen 
(PI. VIII, Fig 6 a) The “ wrinkling ” on the surface of these leaf -cushions 
is also similar It is quite possible that the specimen belongs to a younger 
part of the stem, where the leaf-cushions have not yet develoiied (cf Ogura, 
1927 a, Figs 36-37, 70) Vascular bundles are, however, not preserved 
A few impressions, probably of adventitious roots, are present 
One such root is seen clearly m the side view of the specimen in Plate Vlir 
Fig. 7 r The deep groove (marked I in this figure) which originates from 
one of the smaller rhomboidal scars may be the impression of an attached 
leaf-stalk (PI VIII, Fig 7 1) 

Specimen 3 

K 189 (Plate IX, Fig 8) 

This specimen is interesting m that it shows a gradation between the 
upper closely appressed scars which hardly possess any trace of cushions, 
and the lower scars which display well-developed leaf-cushions between 
them (PI IX, Fig 8) As ixnnted out above, a similar differentiation in 
the arrangement of the leaf scars in the younger and older parts of the stem 
IS often clearlv displayed in the living Cyatheaceae {cf Ogura, 1927 a, Figs. 


36-37, 70) 

Specimen 4 
E 190 (Unfigured) 

A badly preserved curved stem which shows indistinct leaf-cushions. 

I have ventured to keep the above four specimens within the single 
species Protocyathea rajmahalense sp nov There can be very little doubt 
that Specimens 1 and 3 belong to the same species Specimen 2 at first 
sight appears to be somewhat different from the rest, because it shows leaf- 
scars which possess practically no trace of cushions But Specimen 3 dis- 
plays a gradual transition from the lower scars with well-developed leaf- 
cushions to the upper leaf-scars with hardly any cushions As a similar 
differentiation in the form of the leaf-scars of the younger and older parts 
of the stem w also seen in the Imng Cyatheaceie, I have little hesitation m 
considering the above specimens as belonging to the identical species. 


3 Discussion 


(a) Systematic position of the Rajmahal species. 

From the above description it seems fairly clear that our fossils belong 
most probably to tree-ferns of Cyatheaceous affinity The large size of the 
leaf-cushions, the gradation between the scars of the lower and higher regions, 
and the arrangement of the vascular bundles, all point out — as far as mere 
impressions of vegetative parts can^^be a guide to affinity — that they are 
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probably related to the modem family Cyatheaceas The characters of 
the fossils agree most nearly with those of the genua ProUxyaihea Fst 

In his iagonsis of Proiocyathea FeistmanteP* mentioned the following 
characters as distinctive of the genus — " Ftltx arboresems, cauie ierei % ; 
ctcatricibus ramorum {/oltorum) sptraltter dtspostfts. nutie maxtmts nunc 
mtdtocrtbus, struclura ectrum ctcatrictbus Cyathcarim vtvenitum proxtma " 
And our species can best be accommodated in Feistmantel’s genus, withm 
which should also be included all stem impressions or casts of Cyatheaceous 
affinity which show separate vascular bundles in the leaf-scar 

As far as I have been able to judge from the published records, our 
fossils are not identical with any species of Protocyathea previously desenbed 
They ate therefore referred to a new species Protocyathea rapnahalente 
(b) A revtew of ike genus Protocyathea Fst 

A detailed comparison of the Rajmahal specimens with the described 
species of Protocyathea is best carried out after a general review of the genus 
Foiu species of Protocyathea have hitherto been desenbed , and the different 
species are distinguished primarily by the number and arrangement of the 
vascular bundles within the leaf-scar, and to some extent by the shape of 
the leaf-cushions The chief characters of the four species are bnefly dealt 
with below For a detailed study of the individual species, see also Table I 
Protocyathea cyatheoides (Unger) Feistmantel 
(Text-Fig. 3 , Table I) 

1867 Caulopierss cyaiheosdes Unger “ 

1877 Proiocyathea Ungeri Feistmantel ” 

1900 Alsophihna cyatheoides PotomA >• 

1937 Protoplerxs cyatheotdes Hirmer “ 

From the Lower Cretaceous (Neocomian) of Ischl in Austna The 
characters of this species are .-Leaf-scars large and spirally disposed, 
tapenng towards the ends , leaf-trace composed of 40 to 60 bundles, some- 
what irregularly arranged, as shown in Text-Fig 3 

Protocyathea. cretacea (Stenzel) Ogura 
(Text-Fig 6 . Table I) 

1880 Protoptens punctata Hosius und van der Marck“ 

(only figured, not described) 


*• Felitiaantel (77), p 136. 

■' Unger (67), p. 643 , PI I, Fig*. 1-* ; Renaalt (83). p 
»• Feiitaunlel (77), p. 136 , Po»tburoB» (31), p. 137. 

»• Potonii (00). p. 39. 

Hirraer(27),p.641 _ 

” und van der Merck (80), PI. 43, Fig 186. 
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1897 Caulopterts cretacea Stenxel “ 

1 927 Protoptens cretacea Hirmer ” 

1931 Protocyalhea cretacea Ogiira “ 

From the Upper Cretaceous (Senonian) of Westphalia >n Germany 
The thief characters of this sjiecies are — Leaf-scars somewhat small, spirally 
arranged . leaf-trace composed of about twenty-six separate bundles, regu- 
larly arranged, as shown in Text-Fig 5 

Protocyathea Tokunagat Ogura 
(Text-Fig C , Table I ) 

1931 Protocyalhea Tokunagat Ogura ** 

From the Upper Cretaceous (Senonian) of Japan The species is charac- 
terised by about thirteen vertical rows of spirally disposed large leaf-scars 
each of which shows about a hundred separate and regularly arranged 
bundles as shown m Text-Fig 6 The arrangement recalls Cyaihocaults 
naktongensti Ogura** (Text-Fig 7), a species which has been placed under a 
separate genus as the internal anatomy is known 

Protocyathea Irtchtnopolunsts Feistmantel 
(Plate X , Text-Fig ♦ , Table I) 

1877 Protocyathea inchtnopoltensts Feistmantel •* 

From the Upper Creataceous (Cenomanian) of Trichinopoly m South 
India Prof L Rama Rao of Bangalore in a letter to me expresses the 
opinion, (winch I may be allowed to quote), that the fossil probablv " belongs 
to the Utatiir group which forms the oldest sub-<livision of the Trichinopoly 
Cretaceous ” The Icaf-tushions are spirally dusposed Feistmantel** de- 
scribes the formation of a convex disc in the upper portion of the scar This 
disc is not well seen m the original specimen which, thanks to the kindness 
of the Director of the Geological Survey of India, I have been able to examine 
in Calcutta Apparently the leaf-scar and leaf-cushion are not clearly 
differentiated F,ach scar shows about twenty separate bundles of which 
nine or ten are seen arranged in n lower arc . a few bundles at the top of the 
scar which are seeu in the type specimen, however, are indistinctly drawn 
in Feistmantel’s figure, here reproduced as Text-Fig t , they are somewhat 

'• Stentel (97), p.l7, 

Hirmer (27), p 641 
“ Ogura (31), p 58. 

>» Ogura (31), p 58 , Text-Fig 1 , PI IV 
»• Ogura (27), p 352 , Text-Fig 1 
»> Feutmantel (77). p 136, Pt I. Figa. 1, 2. 

» Feiatmantcl (77), p. 136. 
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irtegukrly arranged in the original specimen Certain oblong grooves are 
present in the lower half of the leaf-cushion (PI X) Feistmantel*’ applies 
the term ‘ stigmata ’ to these structures To judge from their appearance 
in the original specimen they are stnictures of a different nature from vascular 
bundles These structures may be compared with pneurnatophores as 
figured by Bower in Alsophxla*^ 

(e) Comparison with the other species of Protocyathea 

Prom a brief consideration of the different species of Protocyathea at 
present included within the form genus, it is clear that the Rajmahal species 
shows the closest resemblance with the South Indian species P Irtchtnopoh- 
ensts Fst ” To some extent the shape and size and the arrangement of 
the leaf-scars in the older parts of the stem, is similar to that in P tnehmo- 
poltensis Pst The general plan of distribution of the few vascular bundles 
m P. inchinopoltensts Pst is less complicated than in the other species of Proto- 
cyathea (c/ Text-Fig 4 with Text-Figs 3. 5-7) On the other hand, the irre- 
gular arrangement of the vascular bundles above the lower arc of bundles in 
P tnchinopoliensis Fst (Text-Fig 4) is quite different from that in the 
Rajmahal species, where the uppermost bundles are seen disposed quite 
regularly, running close to the adaxial margin (Text-Fig. 2) P tnchino- 
poltensts Fst . moreover, differs from the Rajmahal species in the absence of a 
clearly differentiated leaf-scar on the upper jiart of the cushion and of corru- 
gations on the leaf-cushions In the absence of ‘ stigmata ‘ and in the 
presence of a smaller number of vascular bundles, our specimen shows further 
important differences from the Cretaceous species from South India There- 
fore the species is described as new 

The other. species of Protocyathea show little resemblance with Proto- 
cyathea rajmahalense sp nov The size and shape of the leaf-scars, and the 
arrangement of the numerous vascular bundles, both m Protocyathea cya- 
theotdes (Unger)** and Protocyathea Tokunagat Ogura,” are totally different 
(see Text-Figs 3, 6) As regards P cretacea (Stenz ),“ although it comes 
nearer to the Indian species m the size of the scars and in the smaller number 
of vascular bundles, the arrangement of the bundles is different 


«• Fei.tmsnlcJ (77), pp. 136, 137 , PI I, F.g. I, 2 
Bower (23). p. 203. Fig 193 
»» Feutmantel (77), pp 136,137 , PI I, Figi. 1,2 
«• Unger (67), PI I, Figi 1-4 
•» Ognr* (31). P) IV, Text-Fig. 1. 
n Hollas and vin dcr Mtrek (80), Pi. 43. Fig. 186 
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(d) Geologtctd and geographical disinbuiton of the Cyatheacea 

General — For a clear understanding ot the geological and geographical 
distribution <rf the Cyatheacese, records of fem fronds as well as stem remains 
liave to be briefly considered. The distribution of fem fronds believed 
to be of Cyatheaceous affinity has already been treated by Seward and 
others,** and there is little necessity to go over that difficult ground again. 
Our attention is confined mainly to the stem remains preserved in the form 
of petrifactions, casts or impressions, which may be reasonably referred 
to the Cyatheacese (see Table II). Before entering into a discussion regarding 
their distribution, geological and geographical, the value of each genus as 
evidence of Cyatheaceous affinity should be considered Posthumus** and 
Bancroft*' have recently made similar attempts. 

Pelnfacttons — The most important and widely distributed stem genus 
referred to this group is Protopiens, which includes both petrifactions and 
casts •* The probable Cyatheaceous affinities of this genus can be recognised 
by its leaf-trace with inwardly curved ends and plicate margin The two east 
Asiatic species, Ctboltocattlts Tatetwa Ogura** and Ctbottum twatense Oguxa,** 
resemble the living genus Ctbottum in the mode of departure of the leaf- 
traces and m the arrangement of the vascular bundles in the petiolar base 
Caulopteris arborescent Stenzel** and Caulopteris Browm't Renault** show to 
a certam extent stelar similarity with the modem Cyatheace* But 
certain features in which the two above-mentioned species differ from the 
living Cyatheacese were already pointed out by Bancroft** and Rao *" The 
stem anatomy of Cyalhocatdtt naktongensts Ogura** can best be compared, 
according to Ogura, with that of the living species Dicksonta atUardtea 
Dendroptertdium cyatheotdes Bancroft** shows an undoubted polycyclic 

•» SewinJ (33), pp 343. 369 , Sewtrd (10). p. 367 , Halle (13). pp. 17, 94 , Hirmer (27), 
p 637 , Thomai (11), p 387 , Potonl4 und Gotlian(2l) . Scbenlc in Zlttel (90), pp 92-95, 

»« Poithumui (31). 

Bancroft (32), p 249. 

»• Seward (10), pp. 370-37S , tec alto for further refertncei. 

•• Ogura (27), pp 364-368 , Text-Plgi. 10. U , PI HI. Fig» 13-15; PI. Vlll, 
Figs 43-49 

“ Ogura (33), p 748 , Text-Figa. 1. 2 , PI. 11. Flg» 1-4. 

•• Slentel (97), p 10 . P)*. 1, 11 , III, Flga 16-19. 

»• Renault (83), p 73 , P! VUI. Fig 10 . Rao (34). pp. 221-225 . PI .XXXIH, 
Figi 3-6 

•’ Bancroft (32), p 349 

M Rao (34), p 221 

»• Ogura (27), p 351 . Text-Figs 1-9 ; PI 11, Figt. 1-6 , PL HI. Figs. 7-12 ; 
Pit IV-VI. 

« Bancroft (32), p. 241 ; Text-Figs t, 2 . Pis. IX, X. 
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attucture of Cyatbeaceou* type The geous Cyathorachts Fujttana Ogura“ 
is a well preserved piece of rachw nhowing numerous bundles arranged as 
in some modem Cyatheacete Rhtxodmdron oppohenfe Gdpp .** on the 
other hand, is a species of doubtful affinity which has been included under 
the Cyatheaceas by certain authors It shows fibrous bundles in the cortex 
and pith with sclerenchymatous tissue outside the mam stele. The leaf- 
trace has four or more strands 

Impressions — Among the casts and impressions of Cyatheaceous afiinity 
Oncopteris** and Protocyathea** are the two important genera Protoptens, 
as mentioned above, is also known as casts The internal anatomy of the 
species included in the first two genera is at present unknown , and till their 
internal structure is known they cannot be removed from the present position 
of uncertain affimty to a more stable footing But their affinities are no 
doubt more with the Cyatheaceae than with any other group of ferns The 
genus Oncoptens shows, besides a ring of separate wart-like bundles, two 
< -shaped or C-shaped bundles at the top of the scar A similar arrange- 
ment of the vascular bundles in the leaf-base is also noticed m some of the 
living Dicksoniete The affinities of Protocyathea with tlic living Cyatheaceae 
have already been considered elsewhere in detail 

From the above brief discussion it would appear that as far as their 
anatomy is concerned, the Cyatheaceae have descended from their Mesozoic 
ancestors with but little modification 

Table 11 is intended to illustrate the distribution in space and time of 
such fossil stems as may be reasonably regarded, on data at present available, 
as members of the Cyatheace® 

The geographical distribution of the living Cyatheace® has been ably 
dealt with by Diels ** Their distribution in a broad belt throughout the 
tropics and sub-tropics of the Old and the New Worlds forms a striking 
contrast to their distribution in the past 

According to Seward** “ Wc have as yet no satisfactory evidence of the 
existence of the Cyatheace* in Pakeozoic flora ” 


*» Ogurs (2?), p 368 , Text-Flg» U, 13 , Pi. VIII, Figs. 50-54 
*» Cflppett (65), p. 397 . Stenxel (86), p 5 , PI I, Figt 1, 3, 5-12 , PI II , PI HI, 
Fiat 20-29 Sao (34), pp 225, 226. , 

*• Krtici (53) : Feiitmantel (72) . Velenorsky (88) , PotonK (90) , Frit und Bsyer (Ol) , 
StwarddO). Pelourd«(ll)!<I4) j Enfelbsrdt (81); Stcniel (97) i Hlrmer (27). OfOra 
{3I)( Velonovik/ and Vlnikldl (29). 

** See Table I for fall teferencei 
Di*li(02), pp 117, 122, 124-138. 

<• Seward (10), p. 366. 
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KAoj/w.— It IS not till the Rh«etic period is reached that we find anything 
like definite evidence of this family of ferns , and in these rocks, too, they 
have so far been found only ui the form of leaf impressions *' The only 
Rhsetic record so far known is from Tonkin. 

Jurassic — Dnnng the Jurassic, however, the Cyatheacea had a world- 
wide distribution We have several undoubted records of Cyatheaceous 
ferns (both stem remains and fronds) Of petrified steins, the earliest 
reliable evidence so far available was from the Upper Jurassic, namely, 
CiboUocaults Tateiwce Ogura“ from Korea, and Cyathocauhs nakiongensis 
Ogura" from Japan Tlie discovery of Protocyaihea rajmahalense sp nov. 
from the Rajmahal series, which is at present believed to be of Middle 
Jurassic age,“ therefore takes us further back in the geological scale (see 
Table II) In the Jurassic rocks fern fronds are more commonly found than 
stem remains ( onioplms hymenoj>hyllotdes (Brong ) and Eboracia lobtfoUa 
(Phill.)“ were well represented in the vegetation of this period Another 
fern possibly belonging to the same family was SUtchyptefts •* 

Cretaceous — The Cretaceous records are mainly confined to the stem 
remains, the largest number being found in the Upper Cretaceous (sw 
Table II) The fronds which were abundantly represented in the Jurassic 
arc singularly rare in these rocks But there is enough evidence to show 
(from the stem remains so far known), that the Cyatheacese were more or 
less well represented during this period as well (see Table II), though probably 
not to such a great extent as m the Jurassic Protoptens punctata Stern 
described by Heer** from the Cretaceous of Greenland, estabhshes the extreme 
northcrlv distribution of the group Protocyaihea tnchinopoUensis Fst 
from the Cretaceous rocks of South India, also shows the wide range of the 
family during that period 

7 erixary —There is great scarcity of Cyatheaceous records of any type 
after the Cretaceous Except lor two species of stems, Oncoplerts Laubeji 
(Engelb ) iirobably from the early Tertiary of Bohemia,®* and Dendropten- 
dtum cyathemdes Banc from the late Tertiary of E Africa, “ there is no 
evidence of a reliable nature 

♦i^ieiUer (03), p 36. PI. IV, Fig. 1 , Halle (13), p , Seward (33), pp. 343, 3S0 

*> Ogura (27), p 364 
Ogara (27), p 351 
Sahni<32). pp 14,15, 

See Halle (13), for full reference, pp 19-21 Conioeieru hymenophylloidet, 
pp 16-17 Biorario /o6i/of(a, Hirmer (27), pp 637-639 
Thomaa (12) . Seward (33). p. 350. 

Heer (82), PI. XLVU 

Engelbardt (81). p 284, Taf 1, Figa. 1-4 

Bancroft (32), p. 241 
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Conclusion — ^’fhus, if we consider the records of stem remains and 
frond impressions collectively as evidence for the existence of Cyatheaceous 
ferns, it can safely be said that the group was abundantly represented m 
the vegetation of the Jurassic and Cretaceous jjenods, and enjoyeil an almost 
cosmopolitan existence By the end of the Cretaceous they had already 
started disappearing from the northern regions , and dunng the period that 
followed, in company with other groups of ferns such as the Gleicheniaceee 
and the Marattiacese, they became confined to their present restricted 
distribution within the tropics and south temperate zone 
(«) Geological age of the Sakrtgaltghal beds 

A definite opinion on the geological age of the beds cannot be ventured 
at this stage It will, however, be discussed after the other specimens from 
this locality are examined and desenbed But it may be mentioned that 
Protocyathea is a genus previously recorded only from the Cretaceous rocks 

4 Summary 

1 Protocyathea rajmahalense sp nov is described from certain beds 
at Sakrigalighat, in Behar 

2 The earliest recorded species of Cyatheaceous stems are from the 
Upper Juras.sic of Korea The discovery of the Indian species takes us 
further back in the geological scale, because the Rajmahal senes is probably 
not so young as the Upper Jurassic, unless of course, the Sakrigali beds are 
higher than the rest of the Rajmahal series, a question which deserves the 
attention of geologists 

3 The affinities of the Rajmalial species with the other species of 
Protocyathea are discussed The closest resemblance is with Protocyathea 
tnchtnopoltensts Fst from the Cretaceous of South India Due to certain 
important differences from the latter, the Rajmahal form is desenbed as 
a new species 

4 The distnbution of the Cyatheacere, both hving and fossil, is briefly 
discussed. 
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EXPLANATION OF PLATES 


All figures arc untoixM photographs With the exception of the 
all the figured ipeclroens come from Sakngalighat and art prejtrvtd 
Botany, Lncknow Univeraity 

PlAT* VII 


ongiiial of Plate 
m the Department 


X, 
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Pie I— Photograph showing the band of hard silicified ihale fZone B) 
which runt along the bate of the cliff, Sakngalighat All the specimen, of 
Prolr,c\alheo rajmahaUnse here detcribed were collected from Ihn stratiun 

Fic 2— A view of the same lone (Zone B) m the month of October when 
the river Is m floods The soft brittle strata (Zone A) are submerged. 

Fic 3- a new of the soft ttrata (Zone A) from the north-west The 
bed of hard iihcified shales (Zone B) can he seen m the background overlying 
the soft shales 

Fic 4— Photograph showing the soft shales (Zone A) dipping north into 
the river A view from the south-east, when the water has receded The 
man is seen standing at the spot which yielded the major part of the eollectioni 
from thu aone (to be described m a subseiiuent paper) The hard band is 
seen higher up at B, also dipping north 
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Fic S^Protnevatkea rajmiholfme sp nov. slwwing the leaf-ciishioni and 
scars X Specimen 1 (E 188) e, fi, two o( the Iea(-cushions magnified 

III PI IX, Figs 11 and 9 respectively 

Fir b—Prolotyothea rojmaholentt sp nov, showing two types of leaf-scars 
a, scars wilh well-developed leaf-cushions, b scars with more or less undeveloped 
leaf-cushioni Natural sis* Specimen 2 (t 191) 

Fio 7 — Proforyof/iea mmaMensr sp nov A side view of Specimen 2 
(F, 191), figured m Plate VIll Fig h, showing on the left an adventitious root 
<r), and on the right a leaf-sialk (f) Natural sue 
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Fic 8.— Pro/ocyortra rajuiahaleiut sp nov Specimen 3 (E 189) Slightly 


Fic 9 —Proloeyoihra tajmduilense *p nov One of the leaf-scari marked 
(b) in PI VUI, Fig 5, enlarged, showing miprcssKini of scales or hairs X 2!^ 

Fic 10 — Profofy«(4ro raimahaltnse sp nov, showing impressions of sclt- 
renchyma or trichetds X ^ 

Fic. 11 — Pro/veyartea rajmaAo/eiw sp nov One of tlw leaf-cushions marked 
(a) III PI VIll, Fig 5, enlarged, showing the leaf-trace bundles and imprcssioni 
of scales or hairs below the leaf-scar X 3 
Pi AT* X 

Fic \Z —Prolocyafheo Irtclnnopoliemu Fst The type specimen (from t)ie 
Cretaceous of S India) preset^ in the museum of t)ie Geological Survey 
of India From a pliotograph supplied by the Geological Survey of India 
Natural sue. 














STUDIES IN THE PHYSICAL AND CHEMICAL 
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(Comrauniceted by Dr A L Narayin, o sc , n p ) 

AtTHOUGH it IS not easy to find the cause which accounts for the fact, it 
IS well known that the growth of sugarcane in many places becomes poorer 
year after year Though the cultivation operations improve the physical 
condition of the soil and increase the availability of plant nutntnts, there 
is a limit however to the benefit which can thus be obtained In the middle 
of the last century, Reynoso* working on certain sugarcane soils, finds that 
the most robust canes are grown in calcareous soils and that these also 
afford juices rich in sugar From that time many investigators liave worked 
on this jiroblem Notable among these being Hamson* working on British 
Guinea soils, Crawley* on Cuban soils and Burgess and Kelley* on Hawaiian 
soils But none of these workers seeni to have tried to co-ordinate and hud 
out the cause of this detenorntion of the soils and of the presence of jxiorly 
grown canes Isaburo Wado and Sunao Ato* tried to co-ordinate tlic results 
of analysis of some of the robust and poorly grown cancs and some of the 
“ fertile ” and " infertile ’’ soils supplied to them by the Ensuike Sugar 
Manufacturing Co , but their results do not seem to be conclusive 

The chemical changes that proceed in a well-cultivated soil are essen- 
tially of the nature of oxidation Hence it ajipears qmte possible that if 
the changes can be accelerated by certain chemical treatments, better plant 
growth and greater increase in yield may be expected During recent 
years there has been an increasing evidence to show that many of the 
elements which have been hitherto regarded as " unessential ”, exercise 
marked influence on the plant growth Subramanyan and collaborators* 
have shown in a series of papers that the organic matter cither belonging 
to the soil or that which is added as manure undergoes decomposition yielding 
mineral nutrients m available form They have also shown that the de- 
composition which IS rather slow under natural conditions can be considerably 
hastened by the addition of mild oxidising agents resulting in the larger 
release of plant nutrients and larger yield of crop 

According to I/cibig’ the productivity of a soil is not however so much 
governed by the combined effect of all controUing factors as by the influence 
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of one detisue feature These trace elements raav cilect the availability 
of soil nutnent reserves or when applied with ordinary chemical fertilisers 
may increase their effect— even rendering tlum of benefit where they nor- 
mally fail Among the various workers who have contributed to this line 
of research mention must be made of Bertrand and co-workers,* Warrington,* 
Somer and Hass'* and Reid who have show'n that minute quantities of 
K, I, Zn, Al, Mn and B arc essential to the normal growth of plant The 
great importance <>f traces of Mn for the plant has been demonstrates! by 
McHargue, McLean, Kellev and Oerrestsen “ Kelley while studying the 
Hawaiian soils, observed the presence of large quantities of Mn and Ti while 
Oerrestsen believes that Mn intensifies photosynthesis by acclerating the 
oxidation processes connected with the photochemical reactions in the leaf, 
shortage of Mn resulting in a retarded carbon dioxide assiimlatioii The 
occurrence of Mo and V in nature has been well studied by Muelen,** 
Dingwall,” Homer” and others These investigators have observed that 
applications of Mo will increase at times the growth of arotobatter ciiltiires 
two- or three-fold 

Recently, Dhar and his collaborators’* investigating the application of 
molasses to the soil and the consequent photomtnfication, observe that in 
tropical soils the fixation of atmosplieric nitrogen by the addition of eiiergv-nch 
c'omi>ouiids IS photochemical and catalytic, and that compounds of Mn, Zn and 
tracts of Ti greatlj facilitate the oxidation reactions occurring in the soil 

In connection with his recent exiKTimeiits on the utilisation of molasses 
as fertiliser, the author had occasion to investigate the physical and chemical 
characteristics of some ty)>icdl soils from cam -growing areas It is priq-iosed 
here to give the results of the investigation which mainly deal with fertile 
and infertile samples from the same locality After years of mlHvation 
and inanurial treatment it was found that in the same locahtv some soils 
were uiiprodnctive for sugarcane cultivation while the others responded 
well to inanniial treatments, as indicated by the return in the quantity as 
well as the quality' of the cane On this basis the soils (0 I' depth) were 
kindly supplied to the author by Mr S S Patrudu, Superiiitciident of the 
Agncnltural Research Station, Aiiakapalli, as rejireseiiting " fertile ‘ and 
" infertile ” fields in adjacent blocks 

Physical Sbafies — The soil-water relationships are largely dependent 
upon the textural composition of the soil The mechanical comfjosition as 
a method of expressing the texture of soiLs has been generally recognised 
But in the ordinary methods the dispersion effected seems to be madequate 
to sejiarate the soil colloids from the mineral particles 
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Samples from a fertile and mfcrtik zone arc analysed for a number of 
physical properties, including a study of the spectra emitted under suitable 
conditions by these sods The samples (from the fertile and infertile regions 
obtained from a sugarcane field near Vizagapatani) contained the following 
main fractions — 

Clay (0 002 iiini & behm) Iti 12 % 

Silt (0 02 to 0 002 mm ) 6 Ifi % 

F Sand (0 2 to 0 02 mm) 44 12% 

C Sand (2 0 mm to 0 2 mm ) n 10 % 

These soils oceup> a large ])roi)ortion of the cultivated and uncultivated 
areas of the tract The alisorptive capacities of the soils were next studied 
in squat form weighing Ixiltlcs About 10 gtii of the sample is taken in 
the weighing bottle and exjiosed to sulphurie aeid-water miNtures in V'acuum 
desiccators,’* which we re kept in a thermostat at 10° C Constanev of weight 
was attained after a period of forty-eight hours But thev are usiiallv 
exposed for not less than three da\s and the moisture content determined 
m a hot-air oven at 105''' C The results obtained for duplicate samples 
from the fertile' and infertile regions an given below for the lelative humidi- 
ties at which the expctiiiient was done 


TvBir I 


Ham pie 

Rel Hiim 
20 % 

40°. 

00% j 

80%, j 

100",, 

Fertile 1 

2 44 

1 01 

5 73 

7 01 



2.U 

4 00 

5 '80 

7 O') 

10 12 

Infertile 1 

0 52 

1 «3 

2 2) 

j 3 04 

5 1.3 


0% 

1“ 

2 '27 

1 4 00 

5 18 


(tor the hygroseoiiic moisture at tOn% R H water was used m the desiccator instead 
of sulphuric acid ) 

It IS interesting to note that tliongU the mechanical eomiiositinn of the 
soils was practically the same for the two fields yet the powers of absorp- 
tion of water vaned considerably and it is here that we can seek for an 
explanation for the differente in fertility of the two fields 

The absorption of water vai>our by the soils when exposed to suljihurio 
acid of 3 3 per tent strength at 28° 6C giving a relative humidity of 
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98 per cent was studied over a period of 60 days in order to see whether 
these differences in the absorptive capacities iiersist The results of this 
experiment are given in Table II below' 

TABtR 11 

Mot<iiure ConUnl at Different Periods 



{iamjile 1 is from a fertile field and the sample 2 is from the infertile area 
Duplicates agreed well , hence a mean value only is given above 

The absorption is very rapid at first and then the rate diminishes The 
rate of absorption follows an exponential relationship with time of the type 
R (!-«''<) 

The equation when applied to the absorption of moisture by the soil samples 
given above becomes 

R «« 12 2 (I — 0'66 X 10-*“') for sample 1 and 
R M 0 '7 (1 — 0 79 X 10-* *”) for sample 2, where 
R IS the moisture content in time t days 
It IS clear from the above that the higher absorptive capacities displajed 
by the samples from the fertile field might be due to the presence of higher 
amount of colloidal in these samples ” 

A determination of the colloidal matter present in the soil samples was 
made using the method due to G J. Bouyoucos** known commonly as the 
hydrometer method The duplicate samples from the two fields gave the 
following values at the laboratory temperature 
Fertile . (Sample 1) 21 '12% colloids 
(Sample 2) 20-03% „ 

Infertile . (Sample 1) 12-21% „ 

(Sample 2) 10-13% „ 

The above values confirm the observations made earlier that the differences 
in the absorptive capacities might be due to the different amounts of colloids 
present in the samples 

The Chemical Analysts of the above samples was done by the methods 
of the A O A C. It is surprising to note that with the exception of Dime 
the major constituents did not vary m the two blocks 
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Fertile block 

Infertile block 

1 

Insolubles 

74-13 

83-17 

Iron and Alumina 

6 73 

7 42 

Lime as OaO 

12-10 

6-52 

MgO 

1 63 

1 56 

Na,0 

0 21 

0 27 

K.O 

0-64 

0 55 

P.O. 

0 09 

0 07 


Organic carbon and total nitrogen" in the samples was found to be as 
follows 



Fertile 

Infertile 

Organic Carbon 

1-20 

1 06 

Total Nitrogen 

0 0475 

0 0398 


The above values do not conclusively show any great differences m 
the major constituents of the soils including the total nitrogen and organic 
carbon, for the fertile and infertile blocks, at least as much as to be able to 
account for the observed differences in the absorption towards water The 
experiments conducted by the author show beyond doubt that these diff- 
erences in the powers of absorption are due to the differences in the colloidal 
content In this connection attention may be drawn to the views of 
P J, Alwaye,“ P L Gilc*‘ their co-workers " The colloidal material 
of the soils ", according to irail Troug", " is usuaUy largely mineral and 
rarely is 10 per cent or more of it organic" 

For reasons stated above a search for the mineral constituents including 
the trace elements was made The work reported here is of a preliminary 
nature, as far as the section on the spectrogiaphic analysis is concerned, 
which was mainly undertaken with a view to standardise the technicjue 
employed in the analysis of soils Concentrations of the trace elements 
are usually so minute that their detection and estimation would require 
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profound study of methods foUowed by laborious research in large quanti- 
ties of the material 

Spec trographic investigations of trace elements avoid these difficulties 
and the process of obtaining an ultimate mineral analysis of a soil becomes 
very simple The spectrograph can present successive stages of a profile 
on a single plate revealing at a glance variations m the quantity of au element 
A comparison of the intensities of the lines in the various spectra leads to 
fairly reliable results The author has therefore photographed the arc 
spectra of the soil samples and this iirelmnnary investigation is mainly 
intended to finding all the metallic elements contained in the soils without 
allowing even the rare ones to cscajie detection For this purpose, soils 
previously preparerl according to the official method and reduced to fine 
powder were used in a carbon arc, using for the putjiose hollowed out carbon 
electrodes filled with the samples and a direct lurrent of five amperes 
A slightly different form of carbon arc which was found to be specially 
serviceable in obtaining the spectra of metals having low boiling points was 
used In this the tipiier carbon is surrounded with a water-box through 
which there is kept a constant flow of cold water which prevented the tempe- 
rature of the electrode from becoming too high The spectra were photo- 
graphed with a Hilgcr quartz spectrograph and standard spectra were 
impressed on each plate using for the purpose samples made for pure metals 
and chlorides of metals The carbon electrodes used in these experiments 
were of the H S brand punty supplied by Adam Hiiger In all casts they 
were mounted vertically and were brought together with a gap of about 2 mm 
and the are was struck by drawing a third carbon electrode of the same kind 
across the gap and the current was maintained constant for all the exposures 
The spectra are reproduced m Plate XI in which ' A ' is the spectrum 
obtained with the mixture containing Na, K, Ca, Mg. Cu, Fe, Si, Al, and Ti, 
Mn, Zn, V in suitable ratio ‘ B ' and ' C ’ are spectra of fertile soils and 
‘ D ’ and ' E ’ for the infertile samples for the same locahtv The minerals 
which could be indubitably detected and identified from these arc Na, K, 
Cu, Mg, Ca, Al, f>», and Fe and the trace elements Zn, Ti, Mn and B while 
the presence of Be is suspected Bv comparing the spectra of these soil 
samples with those of a senes of suitable ratio powders of known composi- 
tion attempts have been made to determine the proportion of the minor 
constituents By this method, the* Mn content of the majority of the fertile 
soils was found to range from 0-04 to 0-16 while the value of Zn ranged 
from 0 -03 to 0 06 While the problem is evidently more complicated than 
would at first sight appear, there seems to be nonetheless a connection 
between Zn, Mn and Ti content and fertility 
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Valuabk information might be obtainwl b> the spectroscopic examina- 
tion of soils anti the ashes, rotits and stems and leaves of plants that grow 
in these soils supplemented by the chemical estimation of the trace elements. 
Further expenmeiits in this direction are in progress and tlic autlior proposes 
to deal with these m another communication 
Summary 

A detailed study of the physical and chemical properties of some fertile 
and infertile soils from sugarcane-growing areas has been earned out The 
study involves the determination of the colloid content, chemical composi- 
tion and spectroscopic examination for the minor constituents Although 
there has been no significant difference in soil conii>osition, attention is 
drawn to the role of trace elements Zn and Ti in plant nutrition Arc 
spectra of these soil samples have been photographed and by comparing 
these spectra with those of a senes of suitable ratio jiowders of kuown compo- 
sition attempts are made to determine the projicrtion of the trace elements 
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Auong numerous specimens of Calotes verstcolor subsp major, one of them 
showed us some minute, roundish, curious parasites which will be described 
in this note In living condition, in hanging drop preparations, they appear 
as cirailar bodies, with rcfringent greenish protoplasm, siurounded bv 
a rather strong membrane and provided to a certain extent with a kind of 
movement which seems brownian The red globule has sometimes m its 
interior 3 or 3 of these bodies, but does not show any alteration Similar 
bodies are also found free and some of them, cither free or endoglobular, 
have a small bud attached to the mother-cell, as it happens m yeasts 

.Stained by Lcishniann’s solution or by Mav-Orunwald-Oiemsa, these 
bodies appear under various morphological aspects, figured m our coloured 
plate and which can be described in the following wav 

1 Small round chromatic dot, of anaplasmoid natnre (Pi Xll, Fig 2) 

2 Small rmmdish body surrounded by a more or less strong membrane, 
taking a chromatic stain, and possessing a central nuclear granule, more or 
less develojied (PI XII, Figs 1, 3, 4) 

(а) the membrane may have two or three chromatic granules, attached 

to it, moreover the central nucleus (PI XII, Fig 8) , 

(б) the body may be devoid of any granule, resembling a mere 

vacuole, surrounded by the membrane (PI XII, Pigs 11, 12) 

(c) the central granule may be located on the periphery (PI XIT, 

Fig 10) and show a kmd of budding (Pi XII, Figs 16, 16) 

3 In all figures desenbed under alinea 2 the interior of the corpuscle 
or Its protoplasm was colourless. We have now figures where the proto- 
plasm is stained blue or grey blue, often surrounded by a white circular halo 
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(PI XII, Fig 13) without any granule at all (PI XII. P'ig 5), with a central 
chromatic gtairulc (Fig 13) or the nuclear mass more or less peripheric 
(Figs 0. 7) It IS not rare to find globules as figured in our Fig 9, where 
It seenw that the parasite is almost to jxmetrate in the red cell The general 
form IS circular, but often, specially when there is an appearance of budding, 
the form may be elliptic, elongated 

Stmie blood '■mears were stnmcd by iron-hsemotoxyliii of Hcidenhaiii 
after wet fixation bv Schaiidiun’s sublimate and Bouiii The general struc- 
ture is the same as that found in Ronianowsky's stain cither anaplasmoid, 
or of a corpuscle with a more or levs conspicuous membrane, siirroiinded or 
not bv a halo and possessing m its interior, vacuolated or with a slight 
trace of protoplasm, a chromatic granule more or less developed This 
chromatic granule which acts as nucleus may sometimes show the apiiear- 
ance of a ring 

••••••!• 

What becomes more evident by iron-h*matoxylin staining is the 
process of division of this organism The nucleus constituted by 
a small minute granule is enlarged and takes a nng fonn Further on it 
becomes compact and gives origin to a small bud which makes a kind of 
protrusion to the exterior One part of the membrane surrounds the 
nuclear bud and m suljsequent stages the cytodicresis occur 

O (S) 0 (i)(§)($($&eee & 

Schema of the Division. 

What IS the nature of these bodies ? Have they been found and 
described by other authors ? 
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Consulting the literature at our disiiosal we see in Dutton, Todd and 
Tobey* their Fig 56 of Plate XXV labelled as " the unidentified parasite 
of snake-rotind form” and Figs 100, 108, 110, 111, 114 and perhaps 104 
of the Plate XXIX, all these labelled as Cytamaba, which seem to us of 
the same nature as our actual parasite Dutton and co-workers classified 
them as Cylamaba 

This name was emploved bj Dalilcwsk> <1890) as syn of PUsmedutm 
Ubb4 (1894) gave the nai\w C ytamerba bactertferafot some peculiar bodies in 
the red cells of Rama esculenta which have been named Bacillus krusev by 
I^averaii in 1899 Having come across with the so-called B kruset some 
years ago, the senior author can assure that their nodulo-filamentar struc- 
ture has nothing in common with the structure which we have described 
in our parasite 

Wen)oii, in his Protozoology (pp 1050-61), assembles under the same 
title of Cytamceba, in the work of Dutton and allia, Imth the corpuscles 
which we have indicated above as others, associated with some rods of 
crystalline nature (Dutton and allia, Plate XXIV, Figs 96-98), which, 
described by these authors as ” an unidentified parasite ”, were included by 
Franca in his genus Toddta, sp Toddta bu/onts (1910) 

More recently Schwetz in Belgian Congo has described the Bacillus 
ktusti* as " organismes intracellulaires, arrondis, tant6t granulcux tant6t 
ptesque hoinogbnes ct tantOt ayant I'asjiect d'un amas de minuscules 
bacilles ” 

They were found in Rana albtlabns, oxyrhynckus and occipitalis and in 
Bufo regulans The autlior did not find the amoeboid movements seen by 
other authors He states that these parasites have been described by 
numerous authors under the names Bacillus kruset Daveran, Cytamceba 
bactenfera Dabbe and loddia bu/otits Fran9a 

Reviewing these jiarasites of frogs we believe 

(a) that the so-called Bacillus kruset Dav of frogs is easily recognisable 
by Its nodulo-filamentous contents and that Cytamceba bactenfera is a syn 
of B kruset , 

[b) that thasc parasites (?) which were associated ivith some crystals 
and were described by Dutton, Todd and Tobey as "an umdentified para- 
site ”, belong to so-called Toddta Franca whose nature and systematic 
position remains yet doubtful , 

tc) that the so-called Cytamceba of Dutton, Todd and Tobey are of the 
same nature as the parasites we are studying now 
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In 1916 we find a jmjier bv Amne Porter* where some organisms figured 
by the author in her Te\t-I<'igs 8. 9 and 10, belonging to the blood of cold- 
blooded vertebrates such as snakes and fr<igs. seem to us to belong to the 
same kind of organisms Annie Porter identified them to Anaplasma, but 
we are very doubtful on such ideiitifacatioil, as at that time much contro- 
versy reigned over the nature of Anaplasma, some authors as Dias and 
Araga5‘ denying their protozoan nature It seems that Porter included 
among those bodus various kinds of organisms and perhaps the mistake 
on the recognition of their differentiation came just because she considcretl 
that the structure was tlu- same ■' whatever was the host from which they 
were obtained— man, cattle, mice, birds, reptiles, amphibia or fish” Our 
opinion IS based on the fact that at the side of '' small, uniform, usnallv 
spheric masses, that stained inteiisfly with chromatic stain, that is, they 
were basophilic" were observed other corpuscles with a somewhat less 
densely staining portion of cytoplasm, surrounding the cliromatinic liodies 
Indeed the author claims that " no marked exterior limit to such an aiea 
or halo could be found ami the staining appeared to be merely an idiosyn- 
crasy of that portion of the liost cell ’’ Whatever lx the natiiro of those 

some of them, the so-called uniformly basophilic, jxrhaps Anaplasma, 

jicrhaps rehquats of cell nuclei, or anaplasmoid , the others with surrounding 
cytoplasm jirobably of the same rank as the Ixidies we arc di scribing now— 
what IS interesting to note in the descrijition of Porter is the process of 
nudtiplication ” near one (loint of the jifriphcry of the nucleus of the red 
cell, a small bud appears This tiny projection increases in size and 
graditaUy bc-eomes somewhat sphcncnl The bud thus formed is extended 
and passes into the cytoplasm as a small spherical bodv ' ' She ilescnbed 
also a multnile budding, " the result being a small rosette of Anaplasmata 
in the cytoplasm of thi host c<ll " 

It yyall not be devoid of iiiterist to state the confusion yet existing ou 
the nature and identihcatioii of mainniahau inaplasma~hV:c bixhes and the 
classification of Carjiano* should here be recorded — 

1st group —KdryolyUc masses laiised bv nuclear delysis due to the 
lutroduction of chemical anaenii.i productmg substances or to toxins of 
iiiicrobes or nKtazod—Pseudoanaplasma 

2ntl group —Stages on the evolution cvcle of some Pxroplasma (NutlaUa, 
Thetlerta, Oonderta, etc )—Anaplasmoids 

Zrd grott/i — Muroparasites constituting transitional forms between 
anaplasms and jiiroplasms and showing m exjienmental inoculations rare 
piroplasmoid ioxnss-Par-anaplasma (sp Anaplasma centraU) 
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ith group — Micropatasites which may be transmitted m a pure atage- 
Anaplasma (sj) A marginale) 


In 1924, Pranchmi* described in the blood of a bird some interesting 
bodies, which may give rise to some confusion with the parasites we are 
describing In fresh blood they apiieared as “ de petits corps qui avaient 
jdutdt I’aspect de vacuoles ” In stained smears “ les parasites les plus 
jeiines ont I'aspect a’une petite ticlie colorie faiblement en bleu , ensoite 
cctte tAche augmeute dc volume, se disposant cn forme de virgule, maia 
plus souveiit en forme de demiccrcle on de cerclc complet IvCS parasites 
sont parfoLs isoles, mais. plus friquenuuent t4unts k plusieuis dans le ni6oie 
globule rouge et h ce stade le protoplasmo est uniforms A im stade plus 
avanc^, les corps en question augmentent de volume , ils prennent une 
forme ovalaire ou plus souvent arrondic en forme de bagiie Leut proto- 
plasme est plus foiled et il n’est pas rare de voir k son int^neur un noyau 
compact ou conipos4 dc grams de chromatine Le contour dii parasite est 
trfes apparent, il dement 6pais et cher le parasite adulte son ipassieur 
aiigmentc encore On jKmrrait croue qu’il s’agit dc formes enkystfees Le 
noyau du parasite est toujours unique , il n’y a pas de micl4ole et jamais 
nous n'avons pit voir des formes de multiplication I,e protoplasrae ne 
coiitient pas de pigment II ue s’agit iii d’un Piroplasme ui d’un 
Anaplasme II ressemble k certams bimatozoaires dbcrits anterieuremens 
par Balfour ’’ 

Yes, such bodies were first described by Balfour’ and his Plate VI is 
extremely clear They were believed by Balfour to constitute the after 
phait stage of fowl spicochtetosis This hypothesis is again referred to in 
the Pourth Report ‘ In 1929, Curasson and Andrjesky,’ through some 
inoculation expemnents, definitely state that the " Balfour Bodies ” do not 
belong to the cycle of Spirochoetes and Brumpt, discussing this paper, says 
'■ All cours d’une mission r6cente en Kgypte j’ai eii I’occasion de discuter 
la nature des corps de Balfour avec le professeur M Carpano . Get Auteur 
a d^montrfi la nature parasitaire de ces corps en les moculant k des animaux 
scnsibles , il k donne k ces corps qn'il considfere eomme des piropla3mid6s le 
nom d'AegvphanelUt puUorum . . I<es trbs interessants germes dicou- 
verts par Balfour qui an debut de ses recherches, les considirait comrae 
voisins des representants de la famillc dcs Piroplasniidfe, doivent d’aprbs 
Carpano et moi 6tre dassfo dans cctte famiUe , mon opinion est que 
ces Atres prfoentent surtout des afiinit£s avec des parasites du genre 
Ansplasma ’’ 
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These "after phase bodies”, whose nature and structure is very differ- 
ent from that of the parasite which constitutes the object of this paper, have 
also been found in fowls by Bouct (1909) in French Soudan, by Dschounkowsky 
and Luhs in Transcaucasia, byYowet (1910) in Cape Town, Donaticn and 
Lestoquard (1930) m Alger and by Yakimoff in Caucasia They are now classi- 
fied as Aegyptianella puUorum Carpano (1929) (syn Aegypliantlla granulosa 
Bnimpt) 

A parasite entirely similar to ours has been describeil by Cerruti 
The coloured plate which illustrates his paper does entirely agree with our 
figures excepting his pyriform, cucumber-like orgatiLsin depicted in Fig + 
His description is also vei-v suggestive in fresh blood "i corpiiscoli si 
presentavaiio all interno dell Vmazie come picoli corpi rotoiidi molto re- 
refnngenti la luce, quasi immobili o dotati di movmienti di vibraaioue 
piuttosto vivaci c di lenti movimcnti di traslarione, jicr cui iiotevano 
spostarsi lentaineiite nell’ interno della enuiia” Stained bv Mav-Oriinwald- 
Giemsa " i granuli si coloravano in anirro senro put o nieno caruo, teiidcntc 
at bleu , la loro colorazione non era setnpre uniforma, in fatti accanto an 
dementi colorati intensamente, ve ne erano altri die assuinavano molto 
debolmenti la sostania colorante Generatmente i granuli m quc-stione si 
preseiitavano sotto forma rotonda, simili a cocclu (tijai anaplasma) ma 
analogamente aquelli de Testudo graca ptendevano talvolta una forma 
ovale o nettamente bacillare (tipo Bartonella Grahamella), qualcuiio assu- 
meva la forma meurvata o remfornie od a rachetta Nei preparati allestiti 
specialmente dalla niilza, erano evidenti forme molto pm grandi, rotton- 
deggianti o costituitc da un anelto periferic'o debdmente colorafo m azzuro, 
liruitante un vacuolo lucotorc e colorato molto debilmente Intemamente 
1 corpuscoli appanvano ben limitati nel protoplasma della eniazie. talvotta 
invece detto protoplasma forme va mtornc ad esse un alone vero c proprto 

Excepting for the Bartonella and racket-hke forms every line of the 
description of Cerruti could be applierl to our parasite 

Cerruti has classified this parasite m the genus Grahamella and named 
the sp G, Thalassachelys 

The genus Grahamella was treated by Brumpt m 1911" for the bacillary 
basophil parasites included in ted cells of moles and first seen by Graham 
Smith" in 1906 " Eeur aspect est bacillifomie . Certains 6Ements 

sent sphinques ou ovoides et mfesnrent un diainttre moyen d'un tiers de 
micron Such bodies were also described and figured by Balfour" m two 
excellent micro-photographs where the rod cells are seen filled up with rods 
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and very mtnute tods, an aspect familiar to every one having come acres* 
with Grahamtlla In the Fourth Report, Balfour figures the appearance of 
these bodies stained by Romanowsky (his Plate VII, Fig 5) and if he u 
somewhat reticent about their nature, he agrees definitively with the opimon 
of Brumpt in 1911 “ Brunipt continues "Ces corpiiscules se colorent parfois 
d'une fa?on liomogine intense par le Gienisa, Ic plus souvent ils ont leurs 
extrcmitis fortement color4es tt le milieu est clair, e'est ce que I'on voit 
surtout dans les formes que je considirc comme etant cn vole de division 
(his Text-Figs I, R G H ) 

Important to note is the process of division "une forme longue s’^trangle 
vers le milieu qui devient clair, tamlis qiic les p61es se colorent intensement 
par suite de la condensation du protoplasma . I'^tranglement s’accentue, la 
section s'cflectue , it en resulte deux eR:ments atrondis ou ovalaires fort 
colorfe que s'allongent et se reproduisent de nouveau Dans certains cas 
la division est migale et constitute iin bourgeonnement " 

Brumpt defines the genus in the following way " Parasites arrondis 
ou bacilhforraes, vivant dans les hematics des vertibi4s, se reproduisant 
par division transversale et par bourgeonnement Sp typ Grahamtlla talpa 
The word arrondis does not apply certainly to such a large form as 
ours, but to the minute granules winch fill the red blood -corpuscles of some 
mammals and giving a took to the illustrations inserted in page 1057 of 
Wen>on'a Protozoology, we ate doubtful whether the large anaplasmoid 
bodies of hts Figs I, 2, 13 and 31 will belong to the same type as the 
Grahamtlla of the other figures 

After this long discussion and a good personal knowledge of Grahamtlla 
such as they are fouml in the blood of some mammals, we conic to the 
conclusion that our parasite and that of Cerruti cannot be included in the 
genus Grahamtlla 

We cannot identify our parasite to the genius Ptrrfurmocyton (Chatton 
and Blanc, 1914), because whatever be the validity of the genus, the presence 
of the parasite m the red cell was associated with the appearance of a globu- 
lar albuminous body in another part of the cell 

The genus Ctngula (Awerinzew, 1914), on whose parasitic nature 
Wenyon has expressed his doubts, has some resemblance with our parasite 
But this so-called parasite occurs as a small granule surrounded by a clear 
area and later on a vacuole appears, converting it mto a ring on one side 
of which a nucleus could be seen Division into two is then said to take 
place Johnston described in 1917 similar bodies, in two snakes from West 



Roundish Bodies in the Blood of Calotes versicolor Daud. 105 


Africa (Echts cannatus and Causus rhombeatus) under two types one stain- 
ing in homogeneous blue colour after Gieinsa or I/eislimaim, while the other 
was granular and stained red “ As the lx>dies we are describing resemble 
very much those found by Johnston, we will quote his own words 
“ a small, spherical, hyaline, body, appearing in the red cells, taking a clear 
pale blue with Giemsa’s or I,o)shniann’s stain and occasionally showing 
a more darklv staining spherical centre Associated with this is usually 
another body of similar shape but often somewhat smaller — both bodies 
vary considerably in siac — finely granular m appearance, taking a dull ted 
stam ■’ 

In the parasite of Johnston it seems that the affected erythrocyte " as 
a rule slauis somewhat poorly , it may contain vacuoles, one or more The 
nucleus is often smaller and more rounded than that of a normal cell , it may 
be apparently degenerating, staining iioorly and showing vaeiiolatioii or it 
may even be absent ” 

The author is very reticent alxmt the nature of these bodies whether 
they are parasites ''though it mav be considered probable They may 
pcrhaiis be a new species or perhaps some stage m the development of 
a parasite already described, such as a hemogregarina ” 

Canni in 1930“ described m the Leptodactylus pentadaUylus from Sao 
Paulo, Braid, some bodies which are very similar to our and Cerruti’s 
parasite " fil'exainen dirent pctites vacuoles qui, ftant plus refn- 

gentes et incolores, se d^tachent dans Ic protoplasme dc Thematie . se 
colorent en bleu par le Giemsa , parfois d n'y a qu’un petit amieau p4riph4- 
nque qui se colore en hmitant une vaucole, mais dans les preparations 
mieux rfeussies on voit un granule plus intens4raent colore ” 

After vital staining " les corpuscles se colorciit en quelqiies minutes 
et apparaissent avec une grande nettete dans les globules presque lucolrcs 
Giniralement ronds ou ovalaircs, lours dinitnsions sont variables, ks plus 
petits sont de la grosseur d’nii coccus tandis que les plus gros out un diamfctre 
de 1-2 microns Dans les plas gros, on distingue une partie ediotie en rose 
qui contient un granule bleu fonce autoiir des corpuscules on volt 
parfois dans le protoplasraa de I'li^matie une lone circnlaire plus pile 
I/is himaties parasitfces ne sont pas altferfees 

Canni finds that they have affinities with Anaplasma, AegyphanelUi. 
Gfohametla, Bartondh, hperyihrozoon. but cannot be included m any of 
these genera and proposes to this parasite the name BertarelUa lepiodaUyU 
Bnimpt and Uvier have desenbed under the name Ptrrhamocyton 
a parasite of Lacerla vmdts which seems to us very similar to ours 
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The anthers give firstly a short description of P iarenlola apud Chatton 
and Blanc («) young spheric elements. 1-4 micr , clear amseboid outhne, 
possessing m their interior one or many chromophyl masses " Celles-cl 
affectent des formes trts variefo ; elles sont soit entiferes, soit bi, tn, quadn- 
lob6es, ou bicn ces lobes sont s^par^s. formant autant de masses dlstinctes 
de tallies divetses " In some of these parasites it may be seen that " m4me 
lorsqu'ils ne sont pas au contact du noyau de I’hfimatie, leur masse chroma- 
tique se trouve unie h ce dernier par un tractus lilifornic trfes colorable qui 
sc termine soit en pomte, soit plus souvent pat unc capitation tris nette ’’ , 
(b) spheric masses, 3,5 micr , without surrounding cytoplasmic area, “ leur 
chromatine est divisee en fins granules. rang6s k la pdripherue, sauf un 
corpuscule qui reste central " Important to note, as wc have said above, is 
that m all parasitised erythrocytes there is "ime inclusion globoide, mesurant 
1-8 micr . ludependentc d’ailleurs stnicturalemeiit cJu parasite, mais h6e h sa 
presence, refnngcnte h frais, honiogine ct cyanopluk et repr^sentant tme 
reaction de I’erythrocyte parasite ” 

Brumpt and I^avier do not find this body m the red cells of L wtdts 
and iioiiobstant they classify their parasite as P laccria whose following 
stages are described by the authors (a) anaptasmoid, homogeneous body, 
often surrounded by a light cytoplasmic halo, which sometimes at the 
contact with the cell proptoplasm takes a bluish stain Forms where the 
cytoplasm has the appearance of fine lilac granulations around a central 
chromatic dot are not rare Diamitre up to 4 micr , (i) spheroidal masses 
2, 4, 5 micr , outline rather irregular, showing ammboid movements, chromatic 
mass single, often multilobatcd, or c-omposed of 2, 3, 4 independent dots 
Sometimes a chromatic filament seems to start from the nuclear mass and 
project to the pentihery, constituting in small forms the leishmanoid aspect 
already recorded by Chatton and Blanc , spherical masses of 5 or more 
micr " avec plusieurs petits grams chromntiques masses dans un seul 
h4ratsph6re . nous n'avons janiais observe de granule occupant le centre 
et il nous semble avoir cu affaire seulcment h un nombre rcstreint (6 en 
general) de granulations cliromatiqiics, non spheriques raais kgirement 
allongies, de tallies souvent inegales, et prfesentant une dispositiou assez 
regulitre ’ ' 

The parasite was successfully inoculated to other lizards of the some 
species, The authors sav " fait important, si Chatton et Blanc ont signal^, 
comme nous I’avons dit, la presence constante d’une inclusion globoide dans 
cheque globule parasite, chez uotie 16zard, les erytlirocytcs ne montraient 
pas la momdre reaction ni de cc genre, ni d’aucun autre Neanmoina notre 
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parasite sans 4tre identique k celui dc la tarcntc, est certaniement extrtme- 
ment voisin , aussi proposons nous do Ic nommer Pirrfuemocylon 
tarentola n sp 

We don’t agree with Brumpt and I,avier in this identification Their 
parasite is not a Pmhaimocyton and seems of the same nature as the parasite 
we are describing in thts paper, for which we maintain tlie genus Bertarelha 
Canni, (1930), classifying it as a sp n which wc will name Bertarelha calohs 

N B —Prof Caririi in a private letter, eiiiphasi/mg that the genus 
Berlarellta belongs to the ill-dt fined group of Bartonella, Pirrhcctnocyion, 
Grahamella, Ae^yphanella, Tunelella ett , awl pointing out that the para- 
sitic nature of Bertarelha is probable, but not demonstrated, has promised 
to send us slides of Brazilian tortoise blood containing bodies similar to tliose 
described by Cermti As wc have also found Berlarellta in the blood of 
the Indian tortoise Ernyda granosa, the definite chara< teristics of all these 
genera, together with the description of the tortoise Berlarellta, will be the 
subject of a further paper 
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1 Inlroduchon 

A GOOD deal of quantitative work has been done in other countries os 
regards the seasonal or daily variations m bacterial numbers in order to 
correlate such variations with soil fertility and physical factors such os 
temperature, moisture and rainfall, etc In India, however, as far as it 
could be traced, no such work has so far been earned out ,ind it appeared 
highlv desirable to investigate the type of fluctuations occurring in our 
field soils during different seasons of the year — -seasons which are so parti- 
cularly marked in the Punjab In the PunjAb, seasons of the year can be 
divided into four distinct types (1) Hot summer from middle of May to 
middle of September The tem(>erature during this period goes sometimes 
as high as 120° F (2) Autumn months from middle of September to middle 
of November (3) Cold winter extends from middle of November up till 
the middle of March 'fhe temperature during the cold months goes as low 
as 32° F or less (4) From the middle of Marcli to the middle of May ls 
the spnug weather Keeping in view the marked changes in seasons in the 
Punjab, the present work was undertaken to investigate the following points 
(a) \Vliat IS the state of the bacterial population in the Punjab soils with 
particular reference to its quantitative aspect ? (6) What are the changes 

that arc taking place m the bacterial population in our field soils ditnng 
the ihfferent seasons of the vear ? 

2 Previous Work 

Hiltiier and Stdriner (1903) found little differences between bacterial 
uumliers in summer and winter Remy (1902) and Wojtkiewur (1914) 
have reported highest numbers of bacteria in spring Given and Wilhs 
(1913), on the other hand, found highest numbers in September Brown 
and Halverson (1919) found two maxima in Februarv and in June Wilson 
(1930) working on vanations in Rhtzobtum sp , found a drop as winter 
advanced In spring the numbers increased till June He found two 
maxima in October and June and one minimum in January Snow (1920-36) 

121 
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found while studying the micro-organisms of wind-blown soils, two maxima 
in January and Jwly and one minimum in February Cutler » ^ump and 
Sandon (1932) have reported one maximum in November, a minimum in 
February and a second maximum at the end of Jime Their curves did 
not correlate with seasonal changes in sod temperature and moisture. 
I,6hnis and Sahaschnikoff (1912), Mttntr and Gaudechon (1912), Wojtkiewic* 
(191i), Russell and Appleyard (1917), tcmmormann and Wickers (1920) 
have all reported greater stimulation of chemical processes in the sod either 
in spring or autumn or both 

As regards the relation of bacterial numbers with physical factors 
Waksmann (1916 & 1932), Dixon (1928), Thornton and Gray (1930), Newton 
(1930) found no correlations with either the soil moisture or temperature 
Conn (1910), Russell (1913), Harder (1916), I^ockhead (1923), Mary-Jo-Cobb 
(1932) have, however, pointed out that bacterial numbers and sod moisture 
are ctoselv related to each other 

S Experimental Work and Technique 
Two plots were selected in the Government College Botanical Gardens 
for experimental work One of these plots was manured with farmyard 
manure for a number of years and was thus named as manured plot In 
the other plot no manure was put and was called as an iinmanured 
plot This prepared us to see seasonal changes in both the kinds of soils 
The methods used for sampling, suspension, disintegration, dilution, plating, 
incubation and emimeration. etc , are those suggested in appendix, 
RnsacU (19321 

4 Results 


Date 

Plot 

Hoistnre 

Average Colony i 
count of five | 

Standard 



plates 1 

ormr 

14th December 1938 . 

Manured 

17-88 

86 8 

±2-9 


XJnmanurod 

16-00 

61-0 

± 1-68 

26th Dnoember 19,38 

Manured 

20 48 

61 8 

± 2-80 

Unmanured 

lS-00 

20-6 

± 2-37 

11th January 1936 

Manured 

18 -56 

87-2 

± 4 15 

Unmanurod 

16-38 

74 0 

± 3-60 

36th January 1936 

Manured 

18-10 

61 -« 

i 2-86 


Iff 66 

29-2 

±2-00 
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Results — (Contd ) 


Date 

Plot 

Moisture 

Average felony 
eount of five 

Standard 


% 

plates 


8th February 1936 

Manured 

21 96 

82-4 

± 2-84 

Unmanured 

21-B48 

CO -0 

-t 2 40 

23rd February 1936 

Manured 

19 46 

64 2 

L B 00 

Unman nred 

18 12 

04.4 

i 4-30 

7tU March 1936 

Manured 

16 68 

58-2 

J 2 00 


Unmanurod 

IB 80 

44 2 

i 3 30 

21 at March 1936 

Manured 

21 28 

85 1 

± 4 00 


Unmanurod 

20 50 

95 2 

± 5 70 

6th April 1936 

Manured 

23 04 

127 0 

•t 8 00 

Unmanured 

21 14 

111 0 

± 7 01 

18th April 1936 

Manured 

15 80 

126 8 

± 5-10 

Unmanurod 

15 38 

94 75 

± 3 80 

4th May 1936 

Manured 

18 02 

222 20 

1:12 70 

Unmanured 

16 04 

199 40 

X B 00 

5lh May 1936 

Manured 

13 84 

198 20 

± 7 00 

Unmanured 

12 64 

159 00 

± 4 10 

30th May 1936 

Manured 

8 20 

151 40 

X 4 90 

Unmanurod 

5 00 

117 -00 

± 5 60 

ISth ^0 1936 

Manured 

16 -52 

133 80 

± 2-40 

Unmanurcd 

15 -06 

128-00 

X 3 SO 

27th June 1936 

Manured 

17 -40 

153 -80 

i 4 BO 


Unmanured 

14 -10 

134 CO 

± 7 00 

11th July 1936 

Manured 

19-52 

119 20 

±69 

Unmanurod 

17 -12 

102 00 

±63 

26th July 1936 

Manured 

13-24 

104 20 

±63 

Unmanured 

11-10 

96 20 

±82 

6th Auguat 1936 . ' 

Manured 

10 32 

69-40 

± 2-7 

Unmanured 

8-40 

68 00 

± 4-1 

26th Augiut 1930 . . 

Manured 

22 00 

93 60 

±2-5 

Unmanured 

17-76 

71-80 

±42 
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Results — (Contd ) 


Date 

Plot 

Moisture 

% 

Average Colony 
count of five 
plates 

Stamianl 

error 

eth September 1936 

Manured 

18 80 

81 20 

± 3-2 

Unmanured 

14 00 

72-60 

± 2-9 

19th September 1936 

Manured 

17 64 

108 80 

± 6-4 

Unmanured 

16 62 

82-80 

± 3-0 

3rd October 1936 

Manured 

18-80 

116 -00 

± 7-3 


Unmanured 

17 -54 

160-00 

i 4 1 

17th October 1936 

Manured 

17 36 

216 -00 

■tll-l 

Unmanured 

16 -92 

166-30 

-t 4-3 

Ist Fovembor 1936 

Manured 

22 24 

87 60 

± 4.36 


Unmanured 

20-20 

97 -00 

± 6-59 

14th November 1936 

Manured 

22 72 

79-80 

± 2*70 

Unmanured 

19 04 

83-30 

± 2-10 

28th November 1936 

Manarod 

16 20 

115 00 

± 2.17 


Unmanured 

15 »0 

102-30 

± 4.60 


J Dtscussten 


It has been pointed out that the main object of this work was to see 
the diet t of vanoiti seasons and other physkal factors upon the bacterial 
numbers m our field soils It is desitable that they should be discussed 
separately since these factors play such an important part and their inten- 
sities are so very well marked 

Seasonal effect— Tlbe graph. Fig 1. of the bacterial numbers of the 
manured and unmanured soils, show that there are two maxima, one some- 
times in October and the other towards the end of April or beginning of 
May. and there are two minima in the end of January and in the first week 
of August Our results have hence shown that there is a marked penodicity 
of the bacterial population in the soil — a rise of numbers in spring and 
autumn, and a distinct fall m summer and winter These results are in 
general concordance with those of Russell and Appleyatd (1917), Brown 
and Halverson (1919), Cutler and Jus associates (1922), Wilson (1930) and 
others, while on the other hand, Hiltner and Stftnnei; (1908) fonnd Httk 
difierences between bacterial numbers in summer luid winter It may 
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further be pointed out that our maxima and minima occur at different times 
of the year and this one might have been exjiected since out conditions are 
different from those of all the other workers 

Irtfinence of soil motsiure —When curves. Fig 1, for average moisture 
contents and average numbers are compared in greater detail, it becomes 
imixissible to draw any generalization Thus in winter the numbers have 
been low but the moisture contents were fairly high, while in summer the 
moisture had naturally decreased and there was as well a decrease in 
numbers, but there does not seem to be an apparent correlation since the 
two decreases are not simultaneous or nearly so In the beginning of June, 
for example, the moisture contents are at its minimum but the numbers 
are fairly high and the reverse is the case towards the middle of August- 
numbers very low but moisture contents fairly high In general it can be 
stated that there is no detimte relation of the baetcnal numbers with the 
moisture present m the sod Our results hence accord with the results of 
Reniy (1902) and Wojtkiewicz (1914), Given and Willis (1911-12), Waksmann 
(1916), Brown and Halverson (1919), Cutler, Crump and Sandon (1922), 
Thornton and Gray (1930), Newton (1930) 

Hiltner and Stormcr (1903), Conn (1910), Russell (1915), Harder (1916), 
I^khead (1924), hive found a correlation of the aurab:rs with the moisture 
contents 

Influence of rainfall — It has been suggested by Russell and some otlier 
workers, that a heavy shower of ram by increasing the aeration of the soil 
IKipulation may have beneficial effects upon the iiiicro-orgamsms In our 
case, however, rainfall cannot be said to have marked effect, on the changes 
in numbers since they occurred even when there was no rainfall Thus the 
greater part of autumn and spring rise in numbers occurred when no rain 
fell for a considerable time preceding these months 

Influence of temperature —That the temperature has effect on the bacte- 
rial ninibers is apparent from the graph. Fig 1 With the nse of tempera- 
ture from winter months the bactenal numbers also show a corresponding 
nse which seem to continue with certain optimum temperature limits 
Then with persistent high temperature the luimbcrs show a decrease Again 
with the lowenng of the temperature and probably with the partial removal 
of the bad effects of high temperature to the bacterial numbers, there is 
a tendency of recovery It may be stated, however, that the effect of 
temperature on the bactenal population is accumulative in nature A per- 
sistent low temiieratiire decreases the numbers as in winter, then a nse in 
temiierature has a wholesome effect as in spnng A continuous high 
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tempetature has a tendency of kecinng the numbers down as in summer, 
and lastly the numbers again nse up with slight lowering of the temperature 
as in autumn. 

Hiltner and Stormer (1903), Cutler, Crump and Sandon (1932), Dixoii 
(1928) did not find any correlation between the bacteri-il mtmbers and the 
temperature, but the finding of Owen and Wilhs (1911-12), Brown and 
Halverson (1919) definitely support this 

Influence of chemical changes tn the soil —No special chemicals were 
tried but from the two kinds of plot-s it is definite tint one which contamed 
more organic matter has more organisms both in numbers and types 

In the end it may be pointed out that the ra.ivimum bacterial activity 
in our parts is manifested from the middle of April to the middle ot May 
m spring, and from the middle of S-ptember to the middle of October in 
autumn One may as well reasonably assume that the availability of other 
plant nutrients such as nitrates, ammoimmi-salts, potassium, phosphates, 
etc , may also be at their maximum somewhere in the months noted above 
On reviewing the crop sowing operations in the Punjab, it is noleil that 
wheat 18 grown sometimes iii October and is harvested in April or May 
.Sowing of cotton ls done in May or so along with some other leguminous 
crops, and harve-sting is effected m September or October These are the 
two most imiiortant crops in the Punjab, of course, so mauy other types 
of crops are grown as well— sugarcane, vegetables, etc From tlie above- 
farm operations it is quite apparent that the months of maximum activity — 
April-May and .Sefitember-October— are not utilised as they should be, in 
the process of the growth of crops During the above-noted months of 
great biological activity, the fields are almost without any crops, and it may 
be suggested that farm operations mav be regulated iii suih a way that the 
high avaiKible plant food materials in spring and autumn m the above- 
noteil months should be utilised by the growing crops m some form or 
another. 

Qualitative —k few words may be said about the floristic character- 
istics with regard to the soil bacteria No attempt was made to make 
a detailed study of the different types of bacteria occurring m our soils 
But during the course of the work attention was kejit on a spreading type 
of a Baclenum, since this form very easily overran some of the plates It 
was noticed that this form was hardlv visible on the plates in winter months 
but with the rise in temperature in March and Apnl it could very easily be 
'seen. Again in very hot summer months no trace of the type could be 
found and it again became apparent in the beginni:^ of autumn months. 
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It is quite probable that this spreading type may have some relation with 
temperature or with some other external factors, and it w not imlikely 
that some other less conspicuous forms in the soil may ba appearing and 
disappearing with different seasons of the year 

6 Summary and Conclusions 

I. In this paper the seasonal variations for bactenal numbers have 
liecn described m manured and unmanured field soils in the Punjab 

II Two maxima in the middle of October and beginning of May, and 
two mmima in the end of January and in the first week of August were 
obtained 

III The variations of bacterial numbers iii the soil cannot be explained 
as entirely to lie due to any of the physical factors individually, but may 
be the result of the accumulative effect of all the factors of which the tempe- 
rature seems to be the most important 

IV It mav be stated that in our soils the number of bacteria as 
occurring on the plate method is higher than those repotted by the Kutopeau 
.ntid American workers 

V Different types of bacteria seem to be appearing and disapjiearing 
at different seasons of the year as indicated by a spreading type of Bactmum. 
but an exclusive study of this problem is desired before any definite state- 
ment could be made 

The author wishes to exjiress his thanks to Mr H Cliaiid who helped 
during the course of the work in doing plating sometimes 
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I Introdmtton 

It is well knowu that temperature as an environmental factor has a marked 
influence on the various life processes of a plant, » e , respiration, transpira- 
tion, root absorption, etc According to Vant Hoff's rule (1896) " The 
rate of chemical reaction doubles for a rise in temperature of 10® C Its 
effect on economic crops is particularly a matter for instructive and useful 
Study in the Punjab, where the air temperature rises sometimes to 118®P. 
in summer and f^ below zero in winter American cotton, to which the 
investigation reported in the paper relates, is cultivated almost ezclusively 
in the canal colonies, where the plant has to adapt itself to extremes os 
well os to fluctuations of temperature and humidity during its growing 
pertod, which extends from April to December The measurement of tem- 
perature of the cotton plant was undertaken to ascertain the extent to 
width the pknt adjusts itself to atmospheric heat under such trying 
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cireunistances There have been successes and failures of American cottons 
in this Province and it seems likely that unfavourable years were chiefly 
the results of adverse climate conditions and some soil factors particularly 
moisture contents 

References to earlier work on plant temperatures as far as the writers 
have been able to obtain are the following — 

Clum (1926) while taking the temperature of leaves of Fuchsxa spectosa. 
Phasedus vttlgarts, Brasstca oleracea and Syrtnga vulgarts observed that, in 
gneral, plants in dry soil, and vaseliiied leaves were 2” to 4° C warmer than 
the controls Balls (1912) working on cotton leaves in Egvpt reports that 
the temperature of old leaves rarely fell below air temperature, but frequently 
rose above the air temperature by S'C to 10® C Eaton and Belden (1929) 
in U S A report that the leaf temperature of cotton plants are correlated 
with transpiration, varietal dilTercnces and yields The yields of the upland 
varieties were distinctly higher in 1923 than in the hotter vears 1922 and 
1924 • Miller and Saunders (1923) while studying the teniperature-transpi' 
ration relation of the leaves of corn, sorghum, cowpeas, soybeans and water- 
melons growing under field conditions, found that the temjierature of leaves 
never remained constant They also found that the temperature of the 
wilted leaves of corn, sorghum, etc , remained 1 -SS®, 1 -SS®, 2 -S® and 4 -es® C 
higher than the temiierature of turgid leaves Ezekiel and Taubenhaiis 
(1932) found that the leaves of cotton plants, wilted from PhytttaMrtchum 
root-rot were as much as 6-6® E wanner than the air Seeley (1917) in 
Michigan found the temperature of strawberry leaves on clear days to be 
8 4° C above air temperature Trough! (1931) states “ The temperature of 
the leaves follows closely the temperature of the surrounding air For cotton, 
unpublished hgures obtained by R S Jai Chand Euthra confirm this fact " 

II Method of work and apparatus employed 
Determinations of temperature have been made on 4F cotton plant — 
a Punjab acclimatised upland American cotton (G hmutum) The work 
was started in 1928 and has been in progress since then For this purpose, 
leaves of the same size, and of comparable age 30-36 days old and those 
hanging at right angles to sun on the secondary branches and at the height 
of about 2 feet were always selected on a single plant Temperatures 
of the upper and lower surfaces of the leaf and the internal tissue of the 
midnb and the petiole were measured. As the temperature 6f the leaf was 
found to fluctuate rapidly, six determinations were taken eafch on a different 
leaf and the average value was recorded. The standard error for these 
sets of SIX figures ranged from •! to *6 and is statistically sound. 
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Vanations of tetnt>erature are associated with a number of factors 
The following are some of the factors studied — 

(A) The surrounding air 

(B) Soil moisture 

(C) Moisture content of leaves 

(D) Age of leaves 

(E) Wilting of leaves 

Apparatus — The apparatus (Fig 0) used for the detcrmuiation ot 
temperature was devised on the principle of thermo electric itv by modifi- 
cation of the one used by sonic American workers It coasists of two thcrnio- 
junctions, a galvanometer and a spring key The thermo-jutictions were 



Fic 0. a G»lv»noraeter. b UvelUng Tripod stand, c T.icrmos flaik, d Key, 
e Conilantan wire, / Copper wire, g Free junction 

constructed by soldering the ends of a constantan wire No 32 to one end of 
each of two copper wires No 3h. The absorption coefficient of the wires 
was nil The free end of one copper wire was connected with a key and that 
of the other to a galvanometer, thus forming a complete circuit The wires 
were insulated One of the thermo-j unctions was inserted into the neck 
of a stoppered Dewar’s flask along with a thermometer Hot water was 
put into the flask in winter and cold water in summer The bulb of the 
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thermometer was dipped mto the water The Dewar'a flask was pl^d in 
a box filled with sawdust The temperature of the water in the Dewar’s flask 
was constant The second thermo-jnnction was held in a damp in such a 
way that it would be conveniently {Jaced upon the leaf surface. The clamp 
consisted of a pair of brass tongs to the ends of which pieces of cork were 
glued For determining the temperature of the inner tissue the free thermo- 
a unction was inserted into the petiole or midnb The temperature of the 
atmosiihere was tak^ by holding the free junction in the air and placing it 
111 a iKJSition where air played freely on it at a height of 2 feet from ground 
level Nece.ssarv precautions were taken to screen the thcrmo-junctions 
from direct sun rays A pivot galvanometer No L 27166 manufactured by 
the Cambridge Instrument Company, Ud , England, sensitive enough to 
indicate at least 0 0025 micro-amperes was jilaced in a circuit along with a 
spring key Since the tcmiierature of the thcrmo-junction in Dewar's 
flask was known and constant, the difference in temperatures between the 
two junctions could be shown by a swing of the indicator of the galvanometer. 
The galvanometer was jilaceii on a levelling tripod, which could 
be adjusted to get a level surface for the galvanometer The whole apparatus 
was kept iii a cabinet to protect it from the sun {Plate XIII) 

111 {A) Relationship between the leaf temperature and 

(he surrounding atr 

Work was started in 1928 and has been continued upto 1934 The 
data of 1031 are reported herein The work was repeated during the years 
1932, 1933 and 1934, and the re,sults obtaineil when compared with the 
data of 1931 showed minor differences, which are accounted for by differ- 
ences m relative humidity, soil moisture and variation in leaf moisture 
content resulting from different amounts of ram recciveil during the growth 
period of the plant However, the general trend of results is the same and 
there is a corroboration of the results of 1931 Seed of a pure strain of 
4F cotton was sown in May each year in a typical field of the botanical 
area at Lyallpur Representative plants of the crop were marked for tempe- 
rature determinations For the first three years and for June and July of 
1931 leaf temperatures were taken thnee daily at 7 a M , 1 p k and 7 p M 
respectively, The data collected during three years’ work was studied and 
It was considered that three observations during the day at an interval of 
six hours did not futmsh suflScient data to study fully the range of varia- 
bility of leaf temperatures from that of the air. Consequently from August 
1931 onwards the work was extended and determinations were made every 
two hours throughout day and night daring August and September and for 
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the -day only during October and November The results obtained during 
different months are as follows — 

June and July 1931 — Leaf temperatures were taken thrice daily and 
the results obtained are given in Table I In the morning and evening 
plants show air temperature During the middle of the day the ttmijerature 
of the tdant is lower by about two degrees and the variability is found to be 
greater than at the other hour- 

Table I 


Monthly mean departure’: of leaf temperatures (columns t 6) from 
air temperatures (column 3) during June and July 1931 



Note — It is reoHred that full information can only be got from daili' 
variations, but as it is not feasible to record such cuinbersonie data, monthl> 
means are given To supplement this information, data of highest and 
lowest departure are also noted m the remarks column where necessary 

July 1932 —In July 1932 readings were taken every three hours during 
the day. and the data are given in Table II, Fig 1 It will be seen that 
leaves have almost the same temperature ns the air at Cam. but then 
they gradually begin to be warmer and at 9 a m there is a rise of about 
1® to 2 -S® C above the air temperature Afterwards there is a slow fall and 
the leaves remam cooler than the air by about 3° to 4° C till evening, when 
they again acquire the temperature of the air 
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Fio 1 Monthly mean departures of leaf temi>eratdrc« of irrigated 4K Cotton Plants 
from air during July at dilfercnt periods of the day. 


Tabi.E II 


Monthly mean departures of leaf temperatures {columns 3-6) 
from air {column 2) dunne; July 1932 (Irrigated crop) 

" Bud formation " Stage 


Time 1 

Air t«Tnpi'ra 

dofifTftfla 

2 

1 Upiwr 
Riirfaoo 

3 

[_• 

Inner tissue 

I Pollolo 

1 Middh 

GAK 

29 I 

- 2 


+ 1 1 

- 2 

9a « 

33 » 

+ 2 2 

+ 1 3 

1- .a 

E- 4 

12 Noon 

iw a 

-- 0 

- 1 2 

- »0 

- I 3 

Sm 

40-0 

-3 0 

- 4 3 

-i.e 

-4.8 

Gr« 

Sg'Z 

- 1 0 

-2 9 

-3 0 

-3 1 

7eM 

33 7 

- 1 

- •* 1 

- .6 

- .5 
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II 

Companion oj mean departures of leaf temperatures 
from air on fitly 15/A, 19:i2 


“ Irrigated crop " 



grapluLally represented in Fig 1(a) For eouvenieiice and brevity, cotton 
temiwratures represented in the tables and figures are given as departures 
from the air temperature which is shown as a straight line in the figures 
and IS taken as zero It is found that the tenipeiature of the leaves is 
never constant and keeps on fluctuating with tliat of the air In the 
morning at 6 a m the leaf temperature almost coincides with the air The 
lower surface and the inside of the midrib are, however, cooler by about 
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1° C Afterwards it begins to rise gradually and at 8 A M it is about 6" to 
fi” C above the air in the case of uKier and lower surfaces and 3“ to 4" C 



Fio, 1 (u ) Montlily mean departurta of leaf lemperaluret of irrigated * F Cotton Plants 
from aif during August at different periodt of the day 


TABtE in 

Monthly mean departures of leaf temperatures (columns 3 -5) 
from air (column 2) during August 1931 (Irrigated crop) 

“ Bud formatson— Stray flowers " Stage 





Some Studies m Temperature of the Cotton Plant tn the Punjab 139 
TAB1.K III 


Comparison of mean departures of leaf temperatures 
from atr on August i, 1931 
" Irrigated crop ” 



mg fall of temperature is observable and at 10 a m leaves acquire the air 
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temperature except the upper surface which is a little warmer From 
12 noon to 8 p m the leaves remain cooler by about 2 to 3 degrees than the 
air Late in the evening the temperature of leaves begins to rise and 
corresponds with the air temperature Throughout the night there was 
practically no difference between the air temperature and the temperature 
of the leaves At midnight a slight rise above the air temperature had 
occurred in the case of iipyicr surface 

September 1931 —During this month as given in Table IV and Fig 2 
the leaf temperatures are more or less sinular to those of August except 
that the maximum temperature is attained at 10 A m instead of 8 a m in 
August The leaves have air temperature in the morning at 6 A m There 
IS a slow rise till 10 am , when the leaf temperature is about 3 degrees 
Tabi.R IV 

Monthly mean departures of leaf temperatures (columns 3-6) 
from air (column 2) during September 1931 (Irrigated crop) 

“ Maximum flowering " Stage 



4ir tem- 



Innc 

rUMoe 



.urf«c 

Pitlnl* 

Midrib 

> 





A A Al 

2-1 0 

+ 07 

+ 21 

- 10 

- 03 

8 au 

27 59 

f 2 07 

4 1 20 

4 1 30 

+ 78 

10 A M 

33 84 

1 S 57 

K 3 04 

+ 1 90 

4 1 25 

12 Noon 

37 09 

+ 2 37 

4 1 46 

4 1 79 

H 60 

2 r M 

38 A6 

-1 27 

- 1 59 

- 26 

-1 64 

4 F u 

37 0 

- 1 .» 

- 1 37 

~ 70 

- 1 27 

A F M 

20 40 

- 48 

-- 71 

68 

- 98 

8 P M 

27 7 

- 22 

S 46 

4 93 

[ 60 

10 p« 

20 78 

+ «7 

4 56 

4 1 33 

4 1 61 

12 Mid 
night 

26.48 

-t 04 

4 19 

+ 1 00 

4 1 S3 

2 A H 

23 84 

4 37 

- 23 

+ 07 

4 65 

4am 

23 98 

+ 40 

- 46 

+ 30 

4 -49 

e A M 

24.10 

- .98 

- 99 

+ .28 

4 -14 
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Tabu IV 

Comparison of mean departures of leaf temperatures 
from atr on September 11, 1931 
" Irrigated crop " 



1 

Meu 1 

Mean 

Mean 

Inne 




Tampormtare 1 
of air in *0 ! 



Mean 


llemarks 

tion 

1 

Surfaeom «C. 

Hiirfaoo in *(‘ 

of tvtiolrt 

or Vlitlnb 


n s w 

as B± 11 

25 4± 25 

25 6± 17 

25 0 > 29 

25 1 ± 31 

T^avea 









from air 
tempo raturo 

InBignifieant 

Inaigiilhcant 

Innlgniflcant 

IiungniBoant 

tcrajicrtt 



31 8± 19 

30 6± 14 

! 30 8 1 09 

TO 2i 01 





hi 0± 20 

1 1 84 14 


(Icfinluly 


temperature 

Rignlfloant 

BlgniOcant 


Kigni6oant 

1 

than air Ijy 

10 « M 


19 4 + 43 

3R 8-1 Rl 

37 Oi 29 

37 2 i 20 

to 4» C 




+2 8 1 39 


but the 



PigmBoant 

Rigninoaiit 

I^igmfloani 

Significant 

aor|uinin 

Air U iiipn 

12 Noon i 

39 2 ± 31 

42 0 i 46 

40 9 t 21 


40 n 30 

rafuro at 

12 Nof>n 

DiBerenoe 

tompereture 

1 2 8± 65 
Rlgmhcaut 

H.7i 37 
Wgiufloant 

4 1 84 34 
SigniBeaot 

+ 9h 41 
In4gn)8cani 

2 r u 

40 0 ± 63 

37 1± 27 

36 3 4 : .67 

38 04: 19 

37 8± 20 

l^t'avrn 


Difference 

-2 0± 00 

-1 64: 87 

-2 04: 02 




from air 
temperature 

fllgnificant 

Slgnilieant 

fagnifleaiit 

Significant 

than air 

lulhfi 

altornoon 

4 r » 

16 Oi: 36 

33 4± 16 

S3 Oi 12 

34 64 06 

34 Oj- 10 



Plffcrenoe 

-2 2± 38 

-2-64: 36 

-1 1±.10 

-1 6-t 3(1 

ro to 


temperature 

Signifloant 

SigniBoant 

Significant 

SigniOoant 

3 C' 

0 r M 

31 2 h 42 

30 4 ± 36 

12 24: 27 

30 64 29 

3U l± 38 



IMflerenoe 

- 8± 55 

-1 0 4 48 

- 74 60 




temporetore 

TosignlOcaiit 

Inwgnlficant 

Inalgmfioant 

InfiigniBoant 


Spm. 

28 9^ 26 

28.0± 12 

29.4 4: 10 

29 64: 13 

29 3 ± M 

the even 


I^fferenoe 

temperature 

+ 7* 27 
Inaignlfioant 

ltd u « 

+ fit 28 
Inalgnificant 

h 4 t 27 
inHigniflcunt 



higher than the air temperature Afterwards, there is a steady fall and the 
leaves are cooler than the air iipto 4 p m by about 1 to 1 - S degree^ It 
rises again and during night, the leaves remain slightlv warmer than the 
air especially the inner tissue At dawn the temperature of the leaves 
begins to be equal to that of the air temperature 
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October 1931 —It was observed that dunnjj the whole of October, the 
leaves did not behave uniformly with regard to adjustment with the air 
temjieraturc Therefore the data obtained for the month is examined in 
two portions During the first fortmght, the variation of the leaf tem- 
jierature is nearly the same as in August and September At 6 a M there is 
a (hfiercnce of about 1“ C from the air temperature (Table V and Fig 3) 
Tabuj V 

Monthly mean departures of leaf temperatures {columns 3-5) from 
atr (column 2) during October 1931 (Is# half) (Irrigated crop) 

" Boll Development— Stray boll picking " Stage 



Air too 



innortl-uo 

Time 

Segrecs 0 



1 

Mldnb 


4 



* 


23 (4 

f ai 

+ 1 11 

+ 96 

+ 1 06 

iAU 

so 20 

+ 4 7 

H 4 4 

+ 2 4 

+ 8.0 

10 kU 

33 M 

+ 8 20 

+ 3 78 

+ 2 06 

+ 2 31 

1* Noon 

ae 8 

+ 8 4 

1 3 9 

+ a 66 

h 3 0 

irn. 

37 4 

+ 1 2 

f 1 21 

* 16 

^ .09 

4pm 

32 0 

+ 0 

- 4 

- 34 

- 04 

Brn 

27-4 

+ ■» 

- .01 

- 42 

+ 81 

SPM. 

22 S 

+ .67 

+ .21 

+ .01 

+ .38 
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TABI.K V 

Comparison of mean departures of leaf temperatures 
from air on October 8, 1931 
'* Jm/’oted crop ” 
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October 19‘}1 {ind hilf) —The most striking feature of the behaviour of 
leaves in tins part of the month as shown m Table VI, Pig i, is that at no 
time the temperature of leaves fell below the air temperature At 7 A M 
the upper surface and lower surface start with abiost air temperature, but 
the temperature of petiole and midrib is higher by 1° C The departure 
Tabi,f, VI 

Monthly mean departures of leaf temperatures {columns 3-6) from 
air {column 2) during October 1931 (ind half) {Irrigated crop) 

“ Stray boU picking " Stage 
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Table VI 


Companson of mean departures of leaf temperatures 
from atr on October 23, 1931 
" Irrigated crop " 



from the air temperature iii the case of upper and lower surfaces goes on 
increasing till 3 p m when it stands at +7 39” and +C 80” C res^iectively 
After S p M a fall sets m and at 7 P M the temperature approaches that of 
the air The temperature of petiole and inidnb increased upto 9 am and 
then fell to that of the air at 1 p M It rose again at 3 p m At 7 p m it 
was about 1° C above the atr temperature. 
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I 10 4 Monthly me«n depsrlurc* of le»f temptruturei of irnr»te<) 4F Colton Plants 
ftotn air during October (It part) at different periods ol the day, 

November 1031 —As represented in Table VII, Fig 5, the data indicate 
that the leaves in the ntornitig at 7 A M have the same temperature as the 
Tabi,b VII 


Monthly mem departures of leaf iemperulures {columns 3-B) from 
dir {column 2) durtng November 1931 (Irrigated crop) 

" Peak of boll puking " Stage 



Air (era 
prraturti \n 



Inner ti«n. 


aotfaee 

PeUulo 1 

Midrib 

1 

2 

3 


1 

'Jam 

go 

+ 1 

+ s 

+ .0 

+ .1 

SAM 

18 43 

! -t 4 37 

(-4 11 

+ 1 SO 

+ 2.01 

11 A K 

£8 94 

IS. 75 

+ 3.82 

+ 1.35 

+ MS 

IrM 

26 73 

+ 8.22 

+ 4 83 

+ 1.94 

+ 1.77 

3ra 

28' 01 

+ 2 80 

hS.OS 

+ 1.9 

+ 1 01 

fira 

18 86 

+ 3- 43 

+ 2.88 

+ 1.98 

+ 2.23 

7r.a 

'13 84 

+ 1.70 

+ 1.39 

+ .74 

+ .80 
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TABI.E VII 


Comparison of mean departures of leaf temperatures 
from air on November 10, 1931 



air After sunrise at 7-30 a m the temperature of leaves be<{ms to nse 
rapidly, The temperatures of upper and low^t surfaces contmue to nse till 
I VM . afterwards it falls slowly At 7 f m they are warmer than the air 
hy about 1 6° C. The temperature of the inner tissue remains almost 
constant after 9 A m but at 7 p m. they show negligible difference from the 
air temperature. 

B2 * 
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Kic 5 Mnntlily infan departures of leaf temperatures of irrigated 4F Cotton Plants 
from air during November at different periods of the day 

IV (R) Leaf temperatures and sotl motsture 
It has been observed that the amount of water available in the soil has 
a marked influence on the temperature of leaves To study the effect of 
nioibture content, temjiearture determinations were made on leaves of 4? 
cotton crop grown in a field which received no irrigation after sowing But 
as some rains fell in July and August the crop was as good as the irrigated 
one 

Sometimes m September, however, the umrrigated crop showed signs of 
willing Determmations of the moisture contents of the soil in the irri- 
gated and umrrigated plots were made from time to time and are given in 
Table VIII which shows that, as compared with the irrigated crop, the 
imirrigated crop was deficient in soil moisture 
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Tablk VIII 


Percentage of soil motsture at vartous depths of irrigated and 
untrngated fields during different months 


Mosth 

fatnn of tho ficKI 

Dopth 

Pt rrentagn 
of noil 


uguat 1931 

Irrigated 

Ummgatod 

Ut ft 

2nd ft 

3rd ft 

Int ft 

2n(i ft 

3rd ft 

9 19 
12 04 
11 77 

0 10 
11 72 
10 86 

1 

a 

tpiembor 1931 

Irrigated 

Unlrrigated 

sld ft 

2nd ft 

3rd ft 

11.921 

12 30 

13 04 

8 72 

8 25 


itoU..r 1931 

Irrigated 

let ft 

3rd ft 

10 27 

11 38 

12 21 

Sample* for moisture det^'rmina 
tion aUav* takrn 6-6 days 

after (ho )aat irn^fttiuD rlurniK 


tlnlmgaled 

let ft 
2adft 

3rd ft 

94 

4 59 
« 39 

Augnat. SoptemKr and OoUilxr 
blit 3-10 dajT* in Novemlnr 


Unirrigated 

let ft 

8rd ft 

let ft 

2nd ft 

3td ft 

14 74 

15 81 

16 07 

74 
4 71 
0 27 



Temperature of Umrngated Cotton 

September 1931— The temperature of leaves was measured after every 
two hours The data obtained arc given in Table IX and Fig 0 It wdl 
be seen that in the morning at 6 A m leaves show air temperature. The 
temperature of leaves afterwards begins to rise till the maximum value is 
recorded at 2 f m when leaves show a departure of about +4° C and inner 
tissue of +2° C to +3° C from the air temperature Afterwards the leaf 
temperature continues to fall but still remains higher than that of the air 
till 6 P M when the temperature of the leaves and the air are the same 
This condition is maintained up to daybreak The inner tissue, however, 
shows a spasmodic rise and fall tliroughout the night. It is noteworthy 
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that leaves ot the irrigated crop on the other hand have a lower temperature 
than the air from 12 to 6 p m by about -2” C to -3“ C (Table I, Fig 1) 

Tabi,k IX 

Monthly mean departures of leaf temperatures [columns 3-6) from 
atr (column 2) durtng September 1931 (Umrrtgated crop) 


" Maximum flowering ” Stage 






Inner U 

w» 

Tiin« 

perntur* in 



Petiole j 

Midrib 

1 

2 

3 

* 

5 

OAU 

23' 9 

+ 23 

+ 33 

+ -is 

4- 20 

« A ■ 

27 1 

+ 2 00 

4- 1-80 

+ 1 00 

4-1.8 

10 A M 

32 06 

+3 00 

4 2 90 

4-2 00 

4- 1 00 

1 2 Kooti 

34 77 

4 3 39 

4-3 00 

4- i'OO 

4- l.» 

2 rM 

37 82 

+ 4 43 

4-4 81 

4-2 90 

4 2.32 

4f M 

39 04 

4-2 49 

4-3 16 

4 81 

- 24 

Ora 

31 92 

+ 5 

4- .28 

4- 80 

4- 00 

a r H 

27 8 

- 9 

-h 81 

4-12 

4- .81 

10 r a 

27 n 

- 61 

+ 21 

+ .24 

4- 24 

12 Midnight 

27 03 

- 63 

- .30 

4- 1.02 

4-2.68 

SAM 

26 31 ' 

4- 10 

4- 38 

4- 1.00 

+ 2.50 

4 A H. 

29 98 

+ 81 

4- 33 

4- 00 

+ .20 

8*« 

24-42 

4- 01 

- 08 

+ 67 

4 28 



Somt Studies m Temperature of the Cotton Plant in the Punjab 1 5l 
TABUt IX 

Comparison oj mean departures of leaf temperatures 
from air on September 11, 1931 

“ Unirrtgated crop ” 


nomt 

olnervn 

tion 

Mcm 

: Tompanturo 

. 

Mean 

oTlXor” 

Hurfafe in T 

1 

in “C ! 

Tiimixiraturo 

u( Miaril) 

III *C 

Remark ■ 

a«H 

*4.7±.2S 

T>iff«rene» 

t»mper»tttr« 

20 Oi.15 
+ -Si 20 

IiudgniflooDt 

24 04 13 

1- 2 a. 30 
Iiuignifloant 

20 0 4 IS 
+ 34 28 
InsignIHsaiit 

24 04 10 

tiwigniOoant 


«A M 

29 it 39 
DiBaronoe 

32 3± 16 
|2-9± 30 
SlUDlfloMlt 

31 4t 20 
a 2 oa 81 

biirmflcaot 

31 U 12 

4 1 7* 34 
■%(ni3cant 

31 04 11 

1 1 U 4 33 
SiKnidoant 
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October 19.U (ls« Mf) —At 6am the temperature of the plants 
aliphtly lower than air temperatures (Table X. h'lg 8) After 6 am there 
IS a rapid rise of temperature in all parts of the leaves anti the maxima is 
reached at 10 a m At this time, upper surface, lower surface, petiole ami the 
Taulp X 

Monthly mean departurei of leaf temper ilures {eoUtmns 3-6) from 
air {column 1) during October 10 II (isf half) (Unirngated crop) 

“ Stray bdl picking ” Stage 


Time 


1 

is. 


r ti«eue 

1 PeUoIe j 

HMrib 

I 


• 1 

* 

1 

0a« 

23 71 

- 1 37 

+ 25 

- 1 08 

-1.63 


30 S 

1 3 46 

1-3 14 

pl.36 

+ 1 72 

10 A » 

33 34 

+ 6 04 

h4 16 

+ 2 87 

j +2 82 

12 Noon 

38 29 

-i-6 96 

+ 3 60 

+ 1.41 

+ .95 

2 rM 

39 30 

-) 3 92 

+ 2.90 

+ 2 17 

+ 2 03 

4 PM 

3S 23 

-1-1 89 

H 1 82 

+ .52 

+ .61 

Sra 

28 78 

+ .34 

- .77 

H .14 

- .08 

«■"* 

22 IS 

+ 1.16 

+ .73 

+ 1.20 

+ 1.07 
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Table X 

Ccmpanson of mean departure’s of Uaf temperatures 
from atr on October 8, 1931 
" Unirngated crop ” 



0 r.M , when the plants acquire air temperature The inner tissue shows a 
Slight nse of temperature again at ‘3 P M At 8 p m again the plants show 
higher temperature than the air by about 1° C 
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October 1931 (2nd half) and November 1931— The data obtained is 
eompik'd m Tables XI and XII and Figs 8 and 9 respectively Tlie 
TABI.E XI 


Monthly mean departures of leaf temperatures (columns 3-5) from 
atr (column 2) dunng October 193X (2nd half) (Untrngated crop) 


" Stray boll ptcktng " Stage 



Alr ^m ^ 




Time 

C 


.OrfM« 

PotWo j 

Midrib 

1 

2 

3 

♦ 

6 

lAU 

13 6 

+ 65 

- -03 

- 70 

- i-se 

Oam 

22 48 

1-3-74 

-1-3 01 

4 2 0 

4-2 66 

11 A » 

2 g.B 2 

->-2 81 

4 2-23 

-4 -11 

+ 73 

ITM 

32 02 

l-S 37 

4-2 30 

4 1 71 

4-1 61 

SPH 

30<4« 

-H 13 

4- -80 

-4 -47 

h .90 

am 

23-70 

f2-2S 

4-1-63 

-4 2-12 

H-48 

7p« 

IS 37 

-1- -72 

4- -03 

4-1-as 

4-1-22 
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Table XI 


CimpartsoH of mean departures of leaf temperatures 
from atr on October 21, 1931 



leaves show air temperature at 7 a m except the inner tissue during October 
2nd half after which there is a rapid rise till maximum is reached at 9 a M 
l^rom thw time onwards temperature of the plant rises and falls till 7 pm, 
When the plants are warmer than the air by about 1*^ to 2°C , but tJie inner 
tissue during November becomes cooler at 5 p.m. and remains so till 7 p.m 



8. Monthly mean departures of leaf temperatures of umrrigatcd 4F Cotton P 
from air during October (If part) at different periods of the day. 

TABI.K XII 

Monthly mean departures of leaf temperatures (columns 3 n) frot 
uir (column 2) during November 19 $1 (Untrrtgaled crop) 

■' Peak of boll picking ” Stage 
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Tabi-k XII 

Comparison oj mean departures of leaf temperatures from air on 
Novembtr I'i durtng 1931 “ Untrrtgaled crop" 
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Fin. 9 Monthly mean departurea o f Iea{ feinparaturcs of unlrrlgatcd 4F Cotton Planti 
from air during No»ember at different period* of the day, 

V. {€) Moisture content of the leaves durtng 
growth period of the plant 

The amount of water present tn cotton leaves was determined after an 
interval of two hours from 6 am to 8 p m once a week durtng the montlis 
of August-Noveraber The leaves were dried to a constant weight in an 
electric oven Average results obtained for the irrigated and unirrigated 
crop are given in Table XIII and Figs 10 and 11 

Reference to these tables and figures shows how tlie amount of mois- 
ture in the leaves of irrigated crop vanes in the course of a day In August, 
the leaves have 82 per cent moisture in the morning Then it begins to 
decrease with the advance of the day till at 2 P m the leaves are left with 
only 61 per cent of moisture After 2 p.u moisture content of the leaves 
again begins to increase At 8 p M it goes upto 73 per cent In September, 
the percentages of moisture in leaves is reduced by about 5 per cent as 
compared with August Correspondingly the extent of variability is affected 
Similarly in October and November there is a marked fall m the percentage 
of moisture in the leaves and degree of variability With regard to the 
unimgated crop the leaves during the course of the day and during different 
months from September to November always showed about 5 to 10 per cent 
less moisture (Table XIII, Fig 11) 

Variability of moisture was also sigmficantly less The leaves got wilted 
daily after 10 a M and remained so till 4 p K It may be pomted out that 
the rate of transpiration of leaves vanes considerably m different months 
and under different conditions of soil moisture 
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VI {D) Temperature and age of leaves 

UsuaUy plants, behave like coW-blooded animah whose temi^erature 
varies with the medium in which they live This, however, is true within 
certain limits The temperature regulatory power of the leaves diminishes 
with age as is indicated by Table XIV 
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TABtS XIV. 

Mean temperature departure!, of old and young leaves from atr temperature 
at di fferent periods of the day during September and October 1931 


Average of 60 determinations 



60 determinations were made on the temperature of young and old 
leaves at different [lettods of the day The results obtametl show that the 
leaves when young are able to adjust themselves readily with the air 
temperature as it fluctuates In the afternoon when air temperature rises, 
temperature of young leaves never rises above the air, but on the other 
hand old leaves get warmed up and show a higher temperature Perhaps, 
this IS due to the fact that the young leaves have greater moisture content 
and are thus better able to conduct energy The old leaves have been found 
to contain less moisture, and consequently remain warmer than the air 

In the morning and evening mean temperature differences of the old 
aud youug leaves are statistically insignificant but at 1 P H the old leaves 
are warmer as compared with young leaves by about 2 -O'C, and the difference 
IS highly significant 

VII (£) Temperature of wilted leaves 
In this connection measurements of temperature were made at I f U. 
m September and October 1930 The data given in Table XV show 
that their temperature was 3® to 4® C higher than that of the air. In some 
cases the difference was found to be as high as 10® C. 
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TABtE XV 

Mean temperature departures of normal and n tiled leaves at 1 P M 
during September and Oitober 1030 


Average of 51 determinations 


Nature <A 
leavoB 

l«ralur«ln 
degree* ( 

Upper 

.wuJc 

Petiole I 

M.drib 

I 


3 


1 • 

Normal 

Willed 

31 0 

1 1 6± 2 

+3 Oj in 

+ 1 l± 30 

1 J 0 t 20 

-1 1± 20 

+ 3 4 t W 

+ 2 Oi 30 

Diflewooc (Wilted - Norniftl) 

1-2 t± 2'i 
SigniHoant 

-f 1 80 t 10 
Sigiuiicant 1 

1 4 a-f 47 i 
ijigruBcant { 

1-3 2 ± 30 
Signifiottiit 


Wilted leaves show higher tempt ratiire than normal leaves and the 
mean difference is statistieally found to be highly significant 


VIII Discussion of the results 

(1) The mam data are presented in Tables I to XII and I'hgs 1 to 9 
It will bo observed that leaves of the cotton plant behat e differently regard- 
ing their temperature during different months In the hot months of July, 
August and September as shown in Figs 1, 1 (<*) and 2, there is a nse of leaf 
temperature from 6am to 8 a m or 10 a m and afterwards a fall occurs 
The fall is evidently due to the cooling of the plant as a result of transpira- 
tion, which increases as the day advances, because greater solar radiation 
promotes transpiration under certain conditions During the middle of 
the day, when air temperature is at its maximum and the solar energy 
incident on the leaves is correspondingly high, leaves of the irrigated crop 
show a lower temperature by — 2" C to — 3° C due to active transpiration 
Some preUmiiiary exiienmeiits on the rate of transpiration in cottons show 
that it is greater during the middle of the day than in the morning and 
evening 

In the case of the nnirrigated crop, it is found that in September and 
October (1st halfl Figs 6 and 7, the leaves show air temperature in the 
moniing when the atmosphere is cool and transpiration is very little But 
as it gets hotter the leaf temperature rises above that of the air and it is 
4' C. higher between 12 noon and 3 p.m In this respect the unirngated 
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crop shows a marked difference from the irrigated crop where the plants 
have a lower temperature than that of the atr during these hours (Figs. 2 & 3) 
The explanation seems to be that on account of shortage of moisture 
in the soil and leaves in the umrngated crop, transpiration is reduced and 
sufficient cooling effect is not produced 

As the weather becomes colder, the differences of monthly mean 
departures of the two crops become less striking ' This is perhaps due to 
the fact that moisture content of the leaves of irrigated crop also is depleted 
with advance in age as shown in Table XIII and also partly because tem- 
perature of the soil falls (Table XVIII) and the root absorption is reduced 
This has been shown by results of unpublished experiments of the senior 
author on " liffect of various temperatures on root-absorption in cotton 
(2) Table XVI Appendix A indicates a very interesting behaviour 
of the leaves during different months In the case of unirrigated crop there 
is a successive backward shift of the maxima of the mean departure iti tem- 
peratures from September to November In September the maxima occurs 
at 2 t M while in October it is at 11 A m or 9 am, and m November it 
comes at 9 AM 

Reverse is the case in the irrigated crop The shift of the maxima goes 
forward (Table XVI Appendix A), i e , from 8 A M in August to 10 a « m 
September and 1st part of October It comes at 3 p m in October (2nd haU). 
There is then a backward shift in November when it comes at 1 p m 

In seeking an explanation for this, it has to be borne m mind that leaf 
temperature is correlated with transpiration, which depends upon air 
humidity, leaf moisture, soil moisture and root-absorption 

In August, the average hiunidity (Table XIX Appendix A) during the 
day IS high The transpiration, therefore, will be low and this causes a 
rise in the leaf temperature earlier But m September and October, humidity 
IS lower and thus the relative transpiration is greater than in August ; con- 
sequently the leaves attain maximum temperature later In November 
with increase in humidity accompanied by shortage of soil moisture, etc,, 
the relative transpiration decreases again and the maximum temperature 
is attained earher by the leaves 

In the case of umrngated crop as is shown by Table XIII, Fig. 11, 
the soil moisture decreases from September to November along with leaf 
moisture. For this reason a decrease of transpiration occurs and the plants 
tend to attain the maximum temperature earlier. 

(3) Statistical studies made on the coefficient of correlationn between 
surface temperatures and temperatures of the inner tissue show that itf the 
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case of the imgated crop there is a very high positive correlation which 
remains almost constant (Table XVII Appendix A) from August to October 
(1st half). The correlation co-efi5cient becomes very low during 2nd half 
of October, perhaps due to the upset of water balance in the plants on account 
of low soil temperatures (Table XVIII Appendix A) When the plants 
adjust themselves to low water supply from the roots, the coefficient of 
correlation again becomes very high in November 

The coefficient of correlation is almost constant from September to 
November m the case of the iinirngated crop Probably on account of the 
adjustment of the plants to low water contents, tendency for variation i.s 
checked 

(4) The rise of temperature of wilted leaves above that of the air 
during September and October is probably due to shortage of moisture m 
the leaves and soil In this connection the findings of Molisch (1925) and 
others on the conversion of starch into sugars in wilting leaves may be of 
considerable significance vSome prcliimnary work of the authors of this 
paper shows that the respiratory activity of mltcil leaves is less than that 
of turgid leaves This might be due to the accumulation of sugars and 
inadequate moisture content in the wilted leaves D^h^ram and Maiiquene 
(1886) os well as Iljin (1922) and Dastur (1925) have shown how greatly 
the rate of photosynthesis of leaves is affected by their water content This 
points out that the leaves of the crop which liecoinc flaccid or wilted due to 
inadequate soil moisture cannot carry on metabolic functions projierly 
Moreover Iljin (1922) also investigated that leaves which have once become 
flaccid or wilted and have regained turgidity and normal appearance after 
adequate supply of water is given, do not attain their original photo- 
synthetic activity It follows from these exjienments that if a plant gets 
inadequate supjily of water It has not only higher teraiwratures than the 
air, but also becomes less active for the performance of raetabohe functions 
properly Nutritive processes, therefore, are liable to receive a sct-back as a 
result of shortage of soil moisture and the recovery from this disability may 
not take place to the extent of resuming normal condition This finding has 
an important bearing on the irrigation of Amencan cottons in canal colonies 
IX Summary 

(1) The paper deals with the determination of temperatures of 4F 
Amencan cotton plant at I,yaUpur Temperature was taken by means 
of a thermocouple apparatus 

(2) Readings were taken after every 2 hours during day and night in 
AugOit and September and only during the day in July, October and 
November. The data are given in the form of departures from the air 
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(3) It has been shown that the temperature of the cotton plant is 
never constant It changes according to the temperature of the surrounding 
air A slight change in the temiieratiire of the air brings about a corres* 
ponding increase or decrease in the temperature of leaves. Prom June to 
September in the morning and evening the plants show nir temperature In 
the afternoon when the atmosphere is hot. plants are cooler by about 2° C. to 
3° C In October and November however, the plants usually remain warmer 
than the air and this is perhaps associated with decreasing moisture content 
of the leaves and consequent decrease of transpiration At night time, the 
plants had air temperature The temperature of the plant is not a constant 
quantity Unlike warm blooded animals which have a definite limit of 
body heat in healthy conditions, plants warm op or cool down just as the 
temperature of the surrounding air rises or falls Plant is like a cold blooded 
organism, whose temperature vanes with the meduiin in which it lives 

(4) Soil moisture has been found to exercise a marked influence on 
the temperature of the leaves The plants of the ummgated crop, which 
were all the time suffenng from shortage of soil moisture, showed a higher 
temperatures by about 4® C to 5® C during September in the afternoon 
Irrigated plants at this time were cooler bv about 2° C to 3“ C 

(5) On the same plant the temi>eraturc of young leaves is found to be 
lower and that of the old leaves higher than that of the air at 1 J* m , but 
in the morning and evening there is no significant difference 

(6) Wilted leaves have higher temperatures than that of healthy turgid 
leaves by 3" C to 4“ C In some cases the difference of about 10“ C was 
observed 

(7) The leaves of the ummgated crop were found to have lower 
moisture content as compared with irrigatdd crop The amount of 
moisture decreases with increase in age The figures of variability m 
moistiiie content during the day are 22, 16 and 10 m August. September 
and November respectively The leaves of the uiurrigated crop show less 
variation in moisture content 

(8) A positive correlation ha.s been found between leaf surface tempera- 
tures and that of the inner tissue In irrigated cotton it vanes between 
-t 0 94 ± -032 and -j- 0 78 i 0 15 I'or miirngatcd crop it is -f 0-77 
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APPENDIX A 
Tabw XVI 

Shift of the maxima of the mean departures of leaf temperatures from air 
during different months tn 1931 

Month 

Augiint 

Reptemtief 

Ootobor (let half) 

Ootobor (2od half) 

NoTambor 

Saptamber 

Ootobarflal half) 

Octobar (2n<i half) 

Norambor 
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Tabus XVII 

Coefficient of correlation between surface and inner tissue temperatures 
during different months in 1931 


Afonth 


Irngat«d plot 


ITnlrrifotoii plot 


September 
Ootober (lit h«lf) 
October (2ih 1 hilf) 
November 


+ B* ± .OM 
+ 76 ± 1* 



Tabus XVIII 

Average soil temperature during different months in 1931 at 36 cm depth 


Month 

Roil tempentun 
IndegimC. 

Augiut 

34 09 

September 

30 88 

Oetober (let Imlf) 

29 0 

Ootober (iod helf) 

23 0 

November 

18 6 


Table XIX 


Average humidity during different months in 1931 at S A M 
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1 Intrwluctton 

The •vanouv a«pccla of digestion nmong Crustacea were studied extensively 
The most recent pajwr on the subject IS that of C M Yonge (1924) Excepting 
for a few pajiers on the striictiirc and mechanism of the gastric armature 
in Decapods, no asjiect of digestion was ever studied in any Indian type 
In the present paper, the author proposes to deal with the physiology of 
digestion and absorption and Paratelplmsa (Ottoklphusa) hydrodromus 
(Herbst) This is the common South Indian field crab which lives in deed 
burrows having a peculiarly oblique descent on the muddy banks of ponds 
and small canals It is often covered by patches of muddy colour and remnias 
at the entrance of its burrow protruding its stalked eyes At one’s approach 
It rapidly crawls away into its retreat 

This has been selected for study on account of the ease with which it is 
obtaiucci at all tunes and the convetucnce with which it is kept under 
obsiTvation, m the laboratory for long periods 

2 Matertal and Methods 

The crabs were collected m and around the University area and kept 
under observation m the laboratory’ Some of them were fixed os soon as 
they weie collected from the field while others were fixed at difierent periods 
of starvation to study the extent of the period to which fat within the 
digestive gland can persist To study the jiassage of food in the digestive 
tract the animals were starved to begin with for a period of three days and 
then fell on bits of flesh stained with carmine and methylene blue and fixed 
at different intervals The preliminory starving forces the crab* to feed 
on the food stained with unpalatable dyes 

In almost all casgs the material was fixed in Bourn’s fluid In the case 
of the digestive gland 30% alc<»hol containing 6% corrosive sublimate was 
used as a fixative In the case of animals which were fed on olive oil 
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stained with Sudan III, Fleming’s solution without acetic acid was used 
as fixative When the animals were fed on ferntin oxydatum saccharatum, 
they were fixed m 96% alcohol containing 6% aininonmm sulphide 

In order to section the heavily chitimsed regions of the tore-gut, the 
material was decalcified for three or four days in 70% alcohol containing 
2 -6% nitnc acid and then transferred to a 10% solution of soft soap in which 
It was kept for four days and embedded in the ordinary wav 

In almost all the cases sections were stained in nclaficld’s hccmatoxvhn 
and eosin In a few cases Heidenhain’s iron-limniatoxylin was tinploycd 
In connection with the observatioas niade on the peristalsis of the iiud- 
and hind-guts, the apparatus suggested by Ilogben and Hobson (1924) in 
their studies on internal secretions was adojiRd The niid-gut or tlu hmd- 
gut was excised from the living animal and the Iw'o estrcmities were liga- 
tured with silk By means of one enil it is fixed in the bath of saline medium 
(in jiroportions by volume of 6/H molar solutioits NaCl 200, MgClj 40, 
KCl 2, CaOi 2, dextrose 3, with Na.IIPO, to P,* 7) The other end is 
connected with the writing lever Adrenaline and cpimne in dilutions of 
1/80,000 and 1/1,00,00,00 resjiectivcly were used for iierfusing the isolated 
regions of the gut 

3 Alimentary Canal 
{a) General description and histology 

The alimentary canal falls into three natural divisions — (i) The foio- 
gut, (ii) The raid-gut and (iii) The hiud-giit 

Fore-gut — The mouth is situated on the ventral side of tlic cephalic 
region between the mandibles and is bound in front bv the fleshy labnim 
and beliind by the metastoma It leads into the fore-gut wlmh is lined 
throughout by a cuticle which is continuous with the exoskeleton around 
the mouth The fore-gut consists of three distinct jiarts — 

(/) Oesophagus — The epithehum consists of cells of great length They 
are 86 /x m length m a crab with a carapace of 2 '6 inches in breadth and 
are 3 i» width External to the epithelial layer is a thin clutmous layer 
of 12 1* in thickness, This consists of an outer deeply staining lajer and 
an inner structureless layer There is a distinct basement membrane 
beneath which is a laver of connective risque This is comiiosed of dense 
reticulate fibres with a number of small nuclei External to the layer 
of connective tissue is a layer of circular muscles— the constrictor muscles 
The dilator musdes pass through the connective tissue and are attached to 
the basement membrane, 
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L>inR in the Connective tissue are larRcr numbers of round glands 
termed the teginnentary glands (Fig 5) Kach gland is globular and con- 
sists of niinicrous narrow conical cells The apev of each cell is directed 
inwards In the centre of each mass is a narrow cavity (Car Fig fi) which 
IS continiud into the cavity of the oesophagus by means of an mtra-cellular 
duet {Int D Fig 6) Each cell of the gland is provided with a distinct 
nucleus and stains deeply They have a diameter of 20 to 30^ These 
glands are scattered through the connective tissue of the oesophageal wall 
and the labruiu and the raetastoma are also packc-d with them They are 
also present in the hind-gut 

These glands were supjiosed to have a digestive function and were 
termed salivary or intestinal glands (Hiiet, 1883), (Vit/nu, 1882) They 
secrete a sticky substance which entangles the food in the gut The secre- 
tion does not reveal the presence of any digestive en/vnie As Yonge (1921) 
has pointed out their presence ont) in the forc-gnt and hiiid-gnt alwnjs in 
connection with chitin suggests the possibility of their rAlc iii the secretion 
and preservation of the chitinous lining 

(2) Cardiac fore-gtd — The oesophagus runs directly upwards and 
oiiens into the spai ions cardiac fore-gut (C I'Tg 1) This is a large spherical 
sac whosi chitinous lining is thickened at definite places to form a compli- 
cated arrangement of ossicles termed the gastric armature which will be 
described below At the posterior wall of the cardiac fore-gut is a ventral 
Invagination termed the cardio-pylonc valve separating the cardiac chanihei 
from the- pvloric chamber 

(3) Pylurtc /ore-gul — The cardiac chamber passes doivnwards into the 
pyloric chamber {Py Fig 1) This is Mnijile towards its anterior third In 
the ixistcnor two-thirds Us ventral wall is thickened to form two rounded 
lateral pouches the " amjioules pvlonques ” of Mocqmrd (1683) These 
constitute the " glaud filler ” of Yonge (192i) Each amjnilla is thrown 
into distinct longitudinal ridges beset with stiff set* The two ampulla; 
meet in the mid-ventral line forming the inter-ampiillary ndge (/ Amp 
Fig 2) The ventro-latcral walls of the chamber are also tiuckened forming 
the supra-amptillary ridges (S Amp Fig 2) The approximation of the 
supra-aminillary ridges divides the pylonc chamber into a dorsal compara- 
tively free region and a v’cutral portion {V D Fig 2) which is further sub- 
divided into a left and a right portion by the presence of the inter-ampullary 
ndge Detailed account of the structure and mechanism of the gland filter 
is found in the works of Jordan (1904), Williams (1907) and Yonge (1924) 
The cardiac and pylonc chambers have the same histological detoils as the 
oesophagus. There is a columnar epithelium and the chitinous layer is thin 
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in places other than those occupied by the masticatorv ossicles There 
IS a distinct basement membrane, and a thin layer of connective tissue with 
circular and longitudinal muscles 

Mid-gul — Posteriorly the pyloric chamber passes into the mid-gut 
From the upper side of the posterior end of the pvloric chamber six to 
seven flap-like structures or valves project into the mid -gut The views 
of Cuenot (1893), Mocejnard (1883) and Huxley (1880) regarding the physio- 
logical siginhcance of these structures are discussed elsewhere in this paper 
From the anterior region of the mid-gut two citca. the raid-gut casca 
arise one from each side Each caxmm extends over the pyloric chamber 
and IS pressed against the side of the cardiac chamber The digestive gland 
also opens into the mid-gnt just behind the mid-gut cscca (Fig 1) 

The mid-gut is the shortest jiortion of the alimentary c-anal and is about 
12-13 mm m a full-grown crab (Fig 1) The epithebal cells (Fig 3) are 
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columnar and are 60p m length with small nuclei They are provide»l with 
a striated border with a thickness of 1 to 2 /i Near the base of the epithe- 
lium there are the basal cells (B C Fig 3) of Frenzel (1885) with deeply 
staining large nuclei Beneath the epithelium is a basement njembrnne 
and beneath this is a lajer of connective tissue with circular and longitudinal 
muscles 

The mid-gut ca«.a have the same histology as the mid-gut 



Figs 



Hind~gut —The hind-gut is a long narrow tube which starts from the 
mid-gut and extends as far as the anus A long coiled cascum (H C Fig 1), 
the hind-gut caecum, is given off from the right side of the hind-gut before 
its entry into the abdomen. The hind-gut and hind-gut cwcum have 
columnar cells of 80 /i in length and have towards their inside a deeply staining 
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thin chltitioua layer (CA Fig 4) which is produced into longitudinal ntlges The 
chitinous layer is continuous with the excwkeleton at the anus The walls 
of the hind-gut as in the case of the cesophagus are packed with tegumental 
glands which are found in great profusion towards the anterior region of 
the hind-gut The circular and longitudinal musculature {C M and 
L M I and LM 0 Fig 4) is better developed in the hind-gut than in the 
mid-gut 

(6) Digestive gland 

Almost the entire ventral side of the anterior region of the eephalo- 
thorax is occupied by the paired digestive gland or hepatopancreas This 
IS a yellowish brown lobulated stiuctiiic Hath half of the gland is tomiiosed 
of three main lobes There are three mam ducts arising from them on each 
side corresponding to the three lobes These three finally cud in fine blind 
tubules and the cavit> of oath tubule is in communication with the mid- 
gut as in the case of Cancer 

In section (Kig 0) the tubules are bounded by connective tissue and 
are composed of two types of cells beneath a basement membrane (i) 
Ferment or secretory cells vary in height from 20 to 70 p and 00 p in wndth 
(5 C Fig 6) Each cell contains small vacuoles and a darkly staining 
secretion Some of the cells are packed with secretion while others aie 
found having discharged partly or completely their secretion into the lumen 
of the tubules 

( 11 ) Absorption cells (A C Fig 6) are vacuolate and vary from 70 to- 
100 fi m length and 20 /t in width Fat globules are found within each cell 
The border of the cell m contact with the lumen of the tubule both in the 
case of ferment as well as absorption cells is striated 
(c) Ossicles of the fore-gut 

Th 2 ossicles of the fore-gut fall into two distinct sets (i) those of the 
cardiac chamber and (li) those of the pylonc chamber The ossicles of 
each chamber can he further groupeil into (i) mam ossicles and (ii) support- 
ing ossicles. 

Matn ossicles —The nieso-cardiac ossicle (M Fig 12. A1 is a triangular 
piece of sclente transverselj placed in the anterior region of the dorsal wall 
of the cardiac chamber The anterior end is ventrally inclined while the 
postenor broader end Is not distinctly reparated from the uro-cardiac 
ossicle (U Fig 12, A) and the jitero-cardiac ossicles (Pi Fig 12, A) 

The uro-cardiac ossicle (V Fig 12, A) is attached to the hind end 
of the jneso-cardiac ossicle and extends posteriorly along the dorso-median 
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Fig 10 Fig u 


hue Postenally, it inclines ventrally and gives articulation to the pro- 
pyloric ossicle {P P I'lg 12, C) Ventrally is the meihan tooth (Af D 
Kig 12, A) which IS differentiated into three regions, There is an anterior 
crescentic denticle and a broader p«>ttrior denticle with a concavity be- 
tween them In front of the anterior denticle is a senii-circular depression 
in which a minute denticle is present \ 

A pair of ptero-cardiac ossicles (Pt Fig 12. A) are attached to the 
nieso-cardiac ossicle on either side by means of obhque hinges Their 
inner ends which are in contact with the raeso-cardiac ossicle are broader 
while their outer ends are narrow The anterior gastiic muscles are attached 
to the inner ends of the ptero-cardiac ossicles T^e outer ends of the ossicle 
articulate with the zygo-cardiac ossicles (Z Fig 12, B) by means of a 
ligament— the antero-lateral ligament of Pearson (1908) The posterior border 


Physiology of Digestion & Absorption in P. hydrodromua {Uerbst) 177 



of the ptero-eardiac ossicle is straight while the anterior has a somewhat 
cun’ed margin 

The pair of lateral zvgo-eardiac ossiiles (Z Fig 12, artuiilate with 
the outer ends of the ptero-cardiac ossicles on either tide Tliev pa'-s 
posteriorly and exhibit a ventral inelination Kach zygo-cardiac ossiele 
anteriorly is produced into tw'o knob-like processes (K' , K" Fig 12, H) 
The inner process articulates w ith the outer end of the ptero-cardiac ossicle 
of its side The outer process is attached to the anterior end of the pre- 
pectinal ossicle one of the supporting ossicles desiribed below of its side 
Anteriorly each zygo-cardiac ossicle is narrow, and rod-like and becomes 
broadened towards the hind end About the level of the median tooth 
the lateral teeth [L D Fig 12. B) are developed on them Posteriorly, the 
dorsal border is in connection with the cardio-pylonc valve (P V. Fig 12, D) 
and the exo-pyloric ossicles (E P Fig 12, B) The inner border of the 
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ossicle is curved ventrally whereas the enter margin is bent inwards so that 
the ossicle exhibits a cavity towards the inside and a convexity towards 
the outside The outer border is folded forming a deep groove below the 
outer convexity Though the ossicle is thin, yet as a result of the compli- 
cated folding It gives a false imprcs,ion of thickness 

Each lateral tooth (L D Fig 12, B) of the zygo-cardiac ossicle carries 
eight to nine hard denticles separated by deep grooves. The denticles are 
differentiated into three to four definite regions. The nature of the denticles 
in each region differs from those in other regions. 

The posterior border of the pro-pylonc (P.P. Fig 12, C) is rotated to 
the anterior side so that its position at rest resembles the position of the 
pro-p5lonc ossicle of Cancer pagttrus (Pearson, 1908) The cxo-pylonc 
ossicles are attached to the iiosterior border and therefore displaced from 
the position described in Gelastmus (Reddv, 1934) This is provided with 
setie and is depressed posteriorly In these depressions the c8rdio-p>lonc 
cxinslrictors arc inserted The posterior end is bifurcated while the narrower 
anterior end is attached to the iiro-eardiac ossicle 

The pyloric os'icle is a broad dorso-inedian ossicle in the roof of the 
pyloric chamber Its anterior cud is in contact with the pro-pylonc ossicle 
The supporting ossicles— The pyloric supporting ossicles do not differ 
from those of Cancer described by Pearson (1908) The cardiac supimrtmg 
ossicles however differ 

The anterior ends of the prc-pectmal ossicles (Pr Pc Fig 12, F,) articu- 
late noth the outer kiiob-hke jirocesses (K' and K’ Fig 12, B) of the z\go- 
cardiac ossicles They clo'cly follow the zygo-cardiac ossicles and gradually 
get broadened at their attachment with the irectinal ossicles The jiectlnal 
ossicles {In/L T Fig 12, F,) are cup-shaped and bear towards their inside 
the infra-lateral-cardiac teeth which are m a level with the lateral teeth on 
either side of the median tooth (M D Fig 12. A) Laterally, the pectinal 
ossicles are attached to the lateral cardio-pylonc ossicles [LC P Fig 12, K) 
and posteriorly to the infra-lateral cardiac and post-pectmal ossicles [Inf e , 
Ps Pe Fig 12, E) These are thickly beset with set® The infra-lateral 
cardiac ossicles end in oval setose brushes towards the cesophagus on 
reaching the sai^ lec’el as the post-pectinal ossicles turn up and end in 
postenorty directed long tufts of set® (5# Fig. 12, E) which extend as far 
as the cardio-pyloric entrance 
[d) Muscles of the fore-gut. 

The mtMculature falls into two types, va , the extrinsic and intrinsic 
muscles, f 
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Extnnsic musculature —The muscles m this system run from the ossicles 
of the gastnc armature to the exo-skeleton Tlie anterior gastric muscles 
extend between the inner ends of the ptero-cardiac ossicles and the anterior 
region of the carapace Thev are m the form of two distinct bands which 
diverge considerably anteriorly. 

There are three bands of jiosterior gastric muscles Tlie inner or the 
central band arises from the postenor repon of the carapace and is inserted 
on the pylonc ossicle The outer bands also arise from the posterior region 
of the carapace and are inserted on the dorsal surface of the posterior ends 
of the *ygo-cardiac ossicles. 

There are two bands of cardiac levator muscles extending between the 
lateral walla of the cardiac chamber and the carapace The pyloric lev.itor 
muscles extend between the lateral walls of the pyloric chamber and the 
postenor region of the carapace Two bands of cardiac depressor muscles 
extend lietween the ventro-lateral wall of the cardiac chamber and the 
anterior region of the sternum The pyloric depressor muscles proceed 
ventrally from the ventro-lateral wall of the pylonc chamber 

Intrinsic musculature —In this c'ase the muscles niii between the os'-iclcs 
of the armature withm the fore-gut itself 

The cardio-pyloric coastiictors arise from the posterior border of the 
meso-cardiac ossicle and are inserted on the posterior border of tlie prop>- 
loric ossicle Tliev are m three bands, the outer of which diverge shghtly 
towards their insertion There are three pairs of lateral cardiac muscles 
The dorsal paif extends between the dorsal border of the rygo-cardiac 
ossicle and the upper region of the infra-cardiac ossicle and the pre-pectmal 
ossicle The central otic extends lietween the upper region of the mfra- 
cardiac ossicle and the pre-pectinal ossicle The ventral one runs from the 
lateral surface of the mfra-laleral cardiac ossicle to the dorsal siirfac-e of 
the postero-lateral cardiac plate 

The cardiac constrictors are formed by two sets of muscles the postcro- 
inferior cardiac and antero-lateral cardiac muscles The postero-inferior 
cardiac muscles run between the two posterior ends of tlie infra-lateral 
cardiac ossicles The antero-lateral cardiac muscles ari«e as a bifurcated 
bend from the antero-lateral cardiac plate and are inserted on the anterior 
well of the meso-cardiac ossicle just above the insertion of the cardio- 
pylonc constrictor muscles. The cardiac depressors and elevators are on 
either side of the cardiac constrictors 

The pyloric constrictor muscles are constituted by a number of narrow 
bands between the post-pectinal and infra-lateral cardiac ossicles and the 
supporting ossicles in dorsal and lateral walls of the pyloric chamber 
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{e) Modas Opsrandus of the gastric armature 

Mocquard (1883), Pearson (1908) and Patwardhan (1934-35) have pointed 
out that the ga^tnc armature is put into action mainly by the contraction 
of the anterior gastric muscles Huxley (1880) described the active movement 
as the result of contraction of both anterior as well as posterior gastric 
muscles But a study of the gastric annature of Paratclphusa and other 
South Indian Decaixxi Crustacea shows that the active movement is brought 
about mainly by the contraction of the postenor gastric muscles while the 
anterior gastric muscles and cardio-pylonc constrictors are chiefly concerned 
m the restoration of the armature to its (xisition of rest 

If the antenor gastric muscles were mainly responsible for the colliMon 
of the three teeth-lrearing ossicles, namely, uro-cardiac and the two Kigo- 
cardiac ossicles, as stated b> Moequard (1883), Pearson (1908) and Patwardhan 
(1934-35) the most important factor, m, the pressing down of the iiro- 
ca'rdiac tixith to meet the colliding />gcvcardiac teeth could not he brought 
about on account of the reverted position of the propvloric ossicle It is 
only when the posterior border of the pro-pylonc ossicle is pulled backwards 
the uro-cardiac tooth is brought downwards This is made jHissible only 
by the contraction of the posterior gastric muscles. Their contraction 
results in pulling bac k the pro-iiyloric ossicle which owing to the roof of the 
cardiac chamber presses <lown the uro-cardiac tooth to meet the /\go- 
cardiac teeth 

Both the uro-cardiac and propvloric ossicles represent levers of the 
second order In the case of the uro-cardiac ossicle the fulcrum is situated 
at Its attachment with the meso-caidiac ossicle while the imwer is applied 
at Its posterior extremity just behind the uro-cardiac tooth by the anterior 
border of the pro-jiylonc ossicle The power is the result of the contraction of 
the posterior gastric muscles and is transferred to that point by means of 
the exo-pvloric and pro-pylonc ossicles The work is iierformed in the region 
of the uro-cardiac teeth 

In the case of the jiro-pyloric ossicle the fulcrum is at the attachment 
of Its anterior border with the iKisUrior end of the uro-cardiac ossicle and 
the power is applied by the exo-pylonc ossicles at its posterior border 
while work is done at a point near the fulcrum in jiressing down the uro- 
cardiac tooth 

On the supposition that the ojieratioii of the gastric armature is 
effected by the contraction ot the antenor gastric muscles, Pearson (1908) 
locates both the pomt of application of power and fulcrum at the place of 
articulation of the zygo-cardiac ossicle with the outer end of the ptero-cardiae 
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ossicle while the work is turned out at the 7yi?o-ear(hac tooth and 
descnbes the action of the zvgo-cardiac tooth as that of the kver of the 
second order, considering the zygo-cardiac and cxo-iivloric ossitles as a 
single bar With the conditions described bv him neither the zygo-cardiac 
ossicle with the exo-pylonc is a le\ er of the second order, nor is uioveincnt 
possible when power acts at the fulcrum But if the power were to act 
at the exo-pylone ossicles— as it should bj the contraction of the jiosterior 
gastric muscles— then the action of the combined ossicles is that of a leccr 
of the second order with the fnlcruni at the anterior end of the zygo-caidiac 
ossicle, the work being turned out in the region of the zygo-cardiac tooth 
and the power being applied at the exo-pvloric ossicles ns shown in hig 15 
The pre-pectinal ossicles bearing the infra-lateral cardiac teeth do not 
seem to come into action during the plav of the main ossicles Their action 
commences just after the cessation of the activity of the main ossicles 
When the armature is m its position of rest, the postero-inferior cardiac 



182 


A. Ramakrishna Reddy 

muscles which are attached to the posterior borders of the infra-lateral 
cardiac ossicles contract As the jiost-ijectinal ossicles axe ftired with the 
infra-lateral cardiac ossicle, both at the posterior and anterior ends, the 
contraction of these muscles draw together the pectinal ossicles, so 
that the infra-lateral cardiac teeth meet in the middle line above the median 
tooth, brushing it as they come together These clean the furrows of the 
median tooth and thus serve to keep it clean for the next collision with the 
zygo-cardiac teeth The infra-lateral cardiac teeth are brought back to 
their original position by the contraction of the lateral cardiac systems of 
muscle which extend between the dorsal border of the zygo-cardiac ossicles 
and the anterior region of the infra-lateral cardiac ossicles, If we consider 
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the pectinal and infra-lateral cardiac ossicles ns a tingle piece, their ac-tion is 
that of a lever of the second order The fulcrum is at the anterior estre- 
mity of the prepectinal osside at its articulation with the outer end of the 
ptero-cnrdiac ossicle and the work is turned out in tiie region of the infra- 
lateral cardiac teeth, while the power is applied by the iKistero-iufcnor 
cardiac muscles at the hind ends of the ossicle 

Thus the entire operation of the gastric armature falls into two types, 
et* , (i) the action of the mam system of ossicles and (ii) the action of the 
SUiJporting system of ossicles The former is concerned with the crushing 
of the hard food materials while the latter is concerned with the cleaning 
of the crushed material from the furrows of the teeth borne by the mam 
ossicles The two actions alternate The first is brought alioiit by the 
extrinsic musculature while the second is effected by the intrinsic system 
4. Passage of the Food through the Digestive Tract 

The anmials after a prcliminarv starving were fed on pieces of flesh 
stained with methvlene blue and carmine The animals were killed at 
intervals of two to three hours each and the various regions of the alimentary 
canal were fixed in Bourn’s fluid 

Food IS held by the chehc and passed to the maxilhiiedes which after 
preliminary reduction transfer it to the chitiniscd mandibles After further 
reduction it is passed on into the mouth Through oesophagus it is passed 
into the cardiac fore-gut bv the action of oesophagial musculature 

No trace of the stains used with the food was detectwl m the inul-gut 
or the tubules of the digestive gland in the first four hours During this 
time the food is retained in the fore-gut and is subjected to the grinding 
action of the gastric armature and the straining processes of the gland 
filter. The digestive secretion from the dige'tive glands makes its way into 
the cardiac chamber along the ventral grooves (V D Fig 2) of the gland- 
filter and mixes with the fine particles of food material as shown by Yonge 
(1924) The fluid with the digested food in very fine particles then passes 
back through the gland-filter into the mid-gut All large particles are 
retained in the cardiac fore-gnt till they are reduced to a fine state After 
ten hours methylene blue and carmine can be detected in tlie mid gut, 
mid-gut caeca and the tubules of the digestive gland. The absorption of 
the digested matter takes place within the mid-gut and its connected 
structures. 'The undigested matter is forced into the hind-gut by the 
peristaltic movements of the mid-gut. These peristaltic movements are 
not very prononneed. It takes about 1 -6 to 2 nunutes for the completion 
of every peristaltic yt&ye When the isolated mid-gut in a bath of saline 
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medium was perfused with adrenaline and epinine in dilutions mentioned 
before, the peristaltic movement was remarkablj accelerated It took 
about a minute for tbe action of the adrenaline to start 7 to 8 peristaltic 
waves jier minute were produced 

111 about 12 to 16 hours, the undigested matter enters the liind-gut 
and IS finally expelled tlirough the anus The stains used with the feeding 
of the aniiiiuls arc detected in all regions of the hind-gut during this time 
The iierisfaltic moNcnients of the hind-gut are more pronounced than 
those of the mid-gut Four to six peristaltic waves per minute are noticed 
F.verv peristaltic wa\c starts from the anterior end of the hind-gut, quite 
indeiiendent of the tieristaltic waves of the inid-giit and passes towards 
the anus which is extended with every wave 

Perfusion of the isolated hind-giit with adrenaline and epinine ni dilu- 
tions mentioned alme accelerates the peristaltic rhjdhm 

.Sometimes a few tiiiredmeel hard pieces escape the cardio-pjloric valve 
and arc found in the spacious anterior third of the pyloric chamber The 
concrescence of the sttpra-ampullary ridges effects a complete separation of 
the dorsal and the ventral regions of the posterior two-thirds of the pylonc 
chamber Due to the resistance offered bv the profuse set® of the gland 
hlter III the ventral division, the unreduced paces which have escaped the 
cardio-i)>loric valve are forced into the dorsal division whereas the digestive 
secretion with dissolved food and very fine particles alone pass througli the 
gland-filter of the ventral division Mention has already been made about 
five to SIX flap-Iike processes projecting backwards from the posterior end 
of the pyloric chamber into the mid-gut Huxley (1880) and Moequard 
(1888) suggest that these act as valves in preventing regurgitation of the 
contents ol the mid-gut into the fore-gut Pearson (1908) and Cuenot 
(1893) state that these are concerned in carrying the hard pieces from the 
dorsal division directly into the hmd-gut, thus preventing the soft walls 
of the mid-gut from damage Yoiige (1924) agrees with Huxley (1880) 
and Moequard (1883) In Nephrops which has a long mid-gut such a direct 
carnage of particles from fore-gut to hind-gut by the flap-like processes 
is not possible. But iii Paratelphusa the mid-gut is very short and the 
valves in all probability are concerned in carrying these hard pieces directly 
from the fore- to the bind-gut 

5 Spectfietty of Digestive Entymes 

The digestive secretion produced by the secretory or ferment cells of 
the digestive gland is a thick yellowish brown fluid This mokes its way 
into the cardiac chamber through the grooves in the gland-filter and is 
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mixed up with the food The secretion is ea>-ily obtained bv jiushing a 
glass tube into the cardiac fore-gut through the mouth and drawing off the 
fluid therein For experimental purposes gKcerine extracts of the digestive 
glands were prepared Only extracts of 20% strength were used m the 
reactions Boiled extracts were set up as controls. Toluene was used as 
an antiseptic and the digests were incubated at S6” C 

The digestive secretion is ixmrtd into the lunitn of the tubules of the 
gland in the form of fine yellowish droplet- Sections of the gland reveal 
some of the secretory cells actually emptying their contents into the lumen 
of the tubule The secretion is faintly acidic towaids litmus As 
Nephrops (Yonge. 1924) it shows no tiace of free acids The secretion 
contains ain>lolytic, proteolytic and lipolytic cn/ymes 

The main results of the experiments cxiinicctcd w'lth the amvlolytii 
enzyme arc shown in Table I Starch, ghcogon, sucrose are digested 
It has no action on inulin and raffinose as in the case of Ntphrnps (Yonge, 


Tabu I 


No 

Experiment 

Time 

HoBUll 

' 

(A) IS 0 o of 20 % extract + IB e <• 
of^^Staroh ^ 

Shoma 

Tjtmt 

i*(l ini«> 10 0 c of Bcncdiot'A boIii 

17 6c 0 


(B) ,, mfxliiim 2N HOI 


(B) 

36 Oo 0 


(C) „ modium 2N NaaOO, 


(<■') 

42 Oe 0 

2 

(A) IS 0 « of 20% extract + IS o o of 
5% glycogen 

Shoor. 

Titrated Into So 0 of Bcnodiot’. eolu 


(B) ,, Boiled 


(I'l 

17 Occ 

3 

(A) IB (I 0 of 20% extract 4 15 o t 
of cnoroao 


(A) 

5 0 0 c 


(B) „ BoUccI 


(B) 

17 5c 0 

4 

(A) IS oc, of 20% extract 4 15 or 
of 1% inuhn 


(A) 

14-Or.o 


(B) „ Bulled 


(B) 

14 Occ 

5 

(A) IS 0 0 of 20% extract 4- 16 o o of 
1% raSnose 


(A) 

10 0 0 0 


(B) „ Boiled 


(B) 

10 0 c 0 

6 

(A) 20 0 0 »% extract 4- 1 gm 

8 day. 

<A) 

7 4 e 0 


(B) „ Boilad 


(B) 

3« 9co 
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1924) But traces of cytase as m AsImus (Bidermann and Mtiritz, 1898) 
are revealed by the action of the enayme on saw-dust which contains hetni- 
celhiloses 

The optimum temi^erature for the action of the ensyme was then 
determined. The results of the experiments are shown in Table II and are 
representeil graphically m Fig 17 The optimum lies at 45° C. Similarly, 


TaBi,S II 
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the temperature of destruction was also determined The results are shown 
in Table in The temperature of destruction lies at 62° C It is interesting 



3ea84<l4a44<Wa0SOS2S4S6SeS9«O 

FI 9 ir 

to compare these results with those obtained by Yonge (1924) in the case 
of Ntphrops Paraiclphma lives under wanner conditions than N epkrops 
and still the optimum temperature and temperature of destruction of the 
amylolytic enzyme are lower than those of Nepkrops (Yonge, 1924). » 

The proteolytic enzyme present is most active m alkaline medium and 
is almost inhibited in acid m^ium Fibrin, casein and peptone are digested 
The optimum degree of alkalinity for the action of the enzyme was then 
determined The method of Yonge (1924) was adopted Digests with 
various degrees of alkalinity were set up with -C g of fibrin in each They 
were incubated at 36® C for 3 days and then boiled, filtererl and made 
up to the same volume. 20 c c of 10% formaldehyde wa,s added to 
each and titrated into N/10 Na,CO, with phenolphthalcm os indicator 
The following results were obtained : 

Neutral 6 -4 c c 

N/80Na,CO, .. 6-8cc 

N/40 „ . 7-lcc. 

N/30 .. 7-2CC 

N/20 .. .. 8-9 cc. 

N/10 „ •• 8-9cc. 
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The optimum alkalinity as in the case of Carctnus (Roaf, 1908) and Nephrons 
(Yonge, 1924) is m N/20 Na»CO, medium 

The lipolytic eniyme shows a wide range of action, It hvdrolyses 
methyl acetate, amyl acetate, butyl acetate, ethyl acetate and an emulsion 
of olive oil 

The digestive secretion also hydrolises amygdalin and salicin Phloridzin 
was not acted upon 

The digestive gland in addition to the functions of digestion and absorp- 
tion according to Cuenot (1893) has also excretion, elimination and regula- 
tion Carmine and methylene blue which were injected into the abdomen 
were detected m the tubules of the digestive gland This phenomenon as 
Yonge (1924) has already pointed out, is of little importance in the excre- 
tory process 

6 Nature of Absorption and Food Reserves 
For investigating the absorption within the gut the animals were 
first starved for three days and then some were fed on olive oil 
stained with Sudan III while others were fed on ferrous oxydatum saccha- 
ratum Those fed on olive oil were used for detecting absorption within 
mid-gut and mid-gut caeca These were fixed in Fleming’s solution without 
acetic acid In the case of the tubuks of the digestive gland where there 
IS a lot of stored fat the olive oil process is of no use Experiments on 
starving and subsequent sectioning of the gut have revealed that fat can 
persist in the celts of the digestive gland up to 38 to 40 days The absorp- 
tion aclls at this stage are clear and in many casts distorted For detecting 
ahsortition in the tubules of the digestive gland animals fed on iron salts 
were fixed in ammonium sulphide in 96% alcohol 

The absorptive celts of the mid-gut and mid-gut cseca showed the 
presence of dark-staining fat droplets No trace of absorption was noticed 
m the fore-gut, hind-gut and hind-gut caecum The ferment or secretory 
cells of the mid-gut arc free from these darkly staining globules 

In sections of the digestive gland iron salts are found profusely in the 
lumen of the tubules and in the vacuoles m the absorptive cells of the 
tubules The presence of iron salts in the absorptive cells of the mid-gut 
and mid-gut caeca is easily noticed 

Cuenot (1893) and Jordan (1904) considered that the mid-gut and the 
mid-gut cteca are speciahsed for fat absorption There is however no 
reason for that assumption Animals were starved up to 40 days till almost 
all the fat in the absorptive cells disappeared They were then fed on olive 
oil and after 4 days fixed in Fleming's solution without acetic acid Section 
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of both the tUgestivc gland as well as those of the mid-gut and iiiid-gut 
creca revealed the presence of darkly stanung globules This clearly show 
that absorptive cells of digestive gland tubules also arc capable of absorbing 
fat. These, however, were m greater profusion in the mid-gut and luid-gut 
caxz This is evidently due to the fact~as Yonge (1921) has pointed oiit— 
that carbohydrates and proteins which art easily- siilit up make their way 
immediately into the tubules of the digests e gland, from the fore-gut, 
whereas fats which are more slowly split up are passed on into the 
mid-gut 

Though the mid-gut is very small the absorptive surface is vtrv much 
increased bj the lumen of the two long mid-gut caica and the tubules of the 
digestive gland 

Within the absorptive cells of the digestive gland fats, gh cogen and 
calcium salts are found as reserves Bernard (185'1), Smith (1914), Kirch 
(quoted by Yonge, 1924), Paid and Sharpe (1919) have shown the close 
connection of these food reserves with the moulting m the ease of many 
other Decajiods. 

7 Summary and Conclusion 

1. ParaUlphusa {Oziotelphusa) hydrodromus (Hcrbsl) is the common 
South Indian field crab It is a fresh-water animal which lives m deep 
peculiarly oblique burrows. 

2 The alimentary canal falls into three natural divisions, viz , (i) fore- 
gut, (ii) mid-gut and (in) hind-gut The forc-gut consists of the oesophagus, 
cardiac chamber and the pyloric chamber The mid-gut is the shortest 
portion of the gut Immediately behind the fore-gut it is produced into 
two cseca The digestive gland ojicns into the nud-gut at this region by two 
lateral ducts The hind-gut is the longest portion Anteriorly arising 
from the right side is a exemn. The histological structure of the various 
regions is descnlied 

3 The gastric armature present m the fore-gut is worked by a number 
of muscles. Its mechanical constitution is such that the force of a single 
pull is resolved along three tceth-bearing ossidcs which collide The force 
of collision is so great as to reduce even the hard shells of molluscs to a fine 
powder 

4 The modus operandus of the gastric armature is brought about by 
the posterior gastric muscles The cardio-p>loric constrictors and the 
anterior gastnc muscles arc concerned in the restoration of the gastric 
armature to its ixisition of rest The various views regarding the working 
of the different ossicles are discussed. 
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6 After external reduction by the mandibles food is passed into the 
fore-gut where it Is retained for four hours Here it is subjected to the 
elaborate processes of mastication and straining by the gastric armature and 
glandfilter The digestive secretion from the digestive glands finds its way into 
the cardiac chamber and mixes with the reduced food In about ten hours 
the food mixed up with the secretion passes uito the mid-gut and its connected 
stnictures In 12-16 hours it reaches the hind-gut and is finally expelled 
through the anus Peristaltic movements of the mid- and hmd-guts are 
resjxinsible for the passage of food in the gut 

0 The mid-gut exhibits feeble peristalsis, each peristaltic wave taking 
1 B to 2 minutes for its completion The hind-gut shows pronounced 
peristalsis — 4 to 6 waves occur per minute When jierfttsed with adrena- 
line and epinine m dilutions of 1/80,000 and 1/1,00,000 respectively, the 
peristaltic rhythm in both the cases was very much accelerated 

7. Amylolytic, proteolytic and hixilytic enrymes are present m the 
digestive secretion Amylolytic ensyme acts best in neutral medium and 
digests starch, glycogen, sucrose. Its optimum temjierature is 45® C and 
temperature of destruction is 62® C Henucelluloses in saw-dust were also 
acted upon showing the presence of a cytase. Proteolytic enryme has an 
optimum in N/20 Na,CO, medium Lijiolytic enzyme has a very wide range 
of action It hydrolyses fats and esters, 

8 Absorjition is confined to the mid-gut, mid-gut cKca and tubules 
of the digestive gland It is observed that fat is absorbed both in the mid- 
gut and the digestive tubules There is uo evidence to show the assump- 
tion of Cuenot (1893) and Jordan (1904) regarding the sixx:ialisation of the 
mid-gut for fat absorption. 

9 Pats, glycogen and calcium salts are found as reserves m the cells 
of the digestive glands 

In conclusion. I have great pleasure in expressing my best thanks to 
Mr K V Reddy, B A , B sc (Edm ), Forest Officer, Jeypore, Mr R V 
Seshaiya, M A , Lecturer m Zoology, Annarnalai University, and to 
Dr B B Dey, D sc (Lond ), r I C , and Dr G M Ramanujam, H A , 
Ph D (Lond ), F z s , Professors in Chemistry and Zoology, respectively 
m the Presidency College, Madras, for their valuable suggestions, 
encouragement and help during the course of this research 
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EXPLANATION OF FIGURES 
Fir. I —Alimentary Canal of Paralrlphusa 

Fic 2— TS of the posterior third of the pyloric chamber X ^ 

Fic 3 -T S of the mid-gut X ” 

Fic 4 -T S of the mid-gut X ** 

Fio 5 — T S of the tegumental glands X 
Fift 6 -T S of the digestive tubule X 

Fir, 7 — A secretory cell just before discharging Its secretion X 580 

Fic 8. — ^An absorption cell with vacuoles of absorbed food nutenal, X 5*® 

Fio. 9 —A secretory cell discharging its secretion, X 5®®- 
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Fia 10— A’»etretory cell showing the formation of the vesicle of secretion X ^ 

Fio 11 —The longitudinal chitinoiis ridgei bearuig setie m the ampullary pouches X 
FiO 12— The gastric armature with the mam ossicles sejiarated The pecliiul system 
of ossicles of the left side alone is shown 
Fw 13 —Diagram to illustrate the mode of action of tlie uro-cardiac ossicle 
A Position at rest 
D Position at action 

Fig 14— Diagram to show the action of pro-pylonc ossicle 
PiC 15— Diagram to show the action of lygo-cardlac ossicle 
Fig 16— Diagram to show the action of the pectmal system of ossicles 
Fic 17— Temperature curve of tlie aniylolvtic ensyme 
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AC 

Absorption Cells 

MU 

Median nr uro cardiac tooth 

BC. 

Rasal Cells 

Mu 

Mid-gut 

BS, 

Blood Sinus 

N 

Nucleus 

C. 

Cardiac Chamber 

r. 


CG. 

Cardio-pyloric Constrictors 

Pi 

Pcctiiial ossicle 

Ch. 

Chitinous layer 

pp 

Pro-pylonc ossicle 

C M. 

Circular Muscles 

Pi. 

Ptero-cardiBC ossicle 

cr 

Connective Tissue 

ri' 

. Cardio pyloric valve 

DD 

Dorsal division of the pyloric 

Py 

Pyloric Chamber 


chamber 

P 1 hj 

Posterior mira lateral cardiac 

Dg 

Digestive gland 


muscles 

B. 

Epithelium 

Pr Pc 

. Pre-pectinal ossicle 

SP 

Exo-pylonc ossicle 

Ps Pc 

Post-pcctmal ossicle 

P. 

Fulcrum 

RC. 

Hoof of the Cardiac Chamber 

lie 

Hind-gut Caicum 

RB 

Longitudinal sestose ridges m 

Mg, 

Hind-gut 


the ampullary pourhci 

l,Amf 

Intcr-ampullary ridge 

S 


IC 

Infra-lateral cardiac ossicle 

SB 

Striated border 

/«( I) 

Intra-cellular duct 

SL 

Secretory cells 

/»/ I..T. 

Infra-lateral cardiac teetli 

Sf 

Seta 

K' 

Inner Kiiob-like process of the 

S Amp 

Supra-aiiipiillary ridge 


lygo-cardiac ossicle 

U. 

Uro cardiac ossicle 

K’ 

Outer knob-like process of the 

VU 

Right hall nl the ventral divi- 


aygo-cardiae ossicle 


sion of the pyloric cliamber 

l.C 

Lateral cardiac Platt 

I F 

Vacuoles with absorbed food 

LD 

Lateral or sygo-cardiac tooth 


material 

LM 

Ijongitudinal muscles 

Is 

Small vesicles of secretion in 

L.CP. 

Uteral cardio-pyloric ossicle 


formahoii 

LMI 

Inner longitudinal muscles 

rs 

Vesicle of secretion 

L.M.O. 

Outer longitudinal muscles 

ir. 

Work 

M, 

. Meso-cardiac ossicle 

z. 

> . Zygo-eardiac ossicle 

MC 

. Mid-gut Ciecum 
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Since the publication of Part II of “The fungus flora of Allahabad" a 
number of other fungi have been coUected in this town which are included 
in this third list 

Special interest attaches to this list of fungi on account of the foUowing 
points • — 

(1) Allahabad is not specifically mentioned by Butler and Bisby m 
" The fungi of India " as a locality for any of these fungi 

(2) Some of the species are on new hosts They are marked with an 
asterisk 

(S) Some of these fungi are not recorded in " The fungi of India " 
These are marked with a f 

(4) Fifteen species and one genus in the list are described for the first 
time m AnnaUi Mycohitct-Funp Nos 1 and 2 by Sydow and Mitter 
and No 3 by Sydow, Mitter and Tandon These are marked mth a double 
asterisk 


Except a few, the fungi were collected by the authors. 


No 

Name of the fungus 

Name of the host 


1 Archuiycetes 

1 

Synckytrxwn rytat Syd 

1 Pmstropki htfdycttlaia 


Phycohycktes 

*2 

Choanephora cucurbttarvm (Berk & 
Rav) Tbaxter 

HtbiKUi escuienius 

3 

Choantphora tnfnndrbtdifera (Cuney) 
Cunningham 

Htbtsciu roai-sinmnt 
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No. 

Name of the fungus 

Name of the host 


Choanephora ? stmsoru Cunningham 

1 Zinma sp (cultivated) 


CystOpUt bhlt (Biv ) de Bary 

Achyranthes aspera 


Cyttopus bliti (Biv ) de Bary 

A maranthus sp 


Cyslopus bltU (Biv ) de Bary 

Dtgera arvenns 

•8 

Cystopus tpoma-pandurata (Schw ) 
Stevens & Swingle 

Ipomcea hxrta 

♦9 

Cystopus ipoma-panduraltB (Schw ) 
Stevens & Swingle 

Ipomaa peshgrtdts 

•10 

Cysiopui ipoma-panduraUe (Schw ) 
Stevens & Swingle 

Ipomaa jnlosa 

•11 

Cystopus tpma-PanduraitB (Schw ) 
Stevens & Swingle 

Merrmta enuirgtnaUt 

12 

Peronospora arhortscens (Berk ) 
dc Bary 

Papaver sowntferum 

tl3 

Peronospora obovaUi Bon 

SpergnUi arvense 


Peronospora trtfohorupt de Bary 

Med%cago denhculata 

10 

Peronospora tnfohorum de Bary 

Medtcago indua 

•16 

j Peronospora wcta (Berk) de Bary 

Vtcta sativa 

17 

Phytophthora colocasia Racrborski 

Colocasta arHiquorum 

18 

Sclerospora grammcola (Sncc ) 

Schroeter 

Ascomvcetes 

••19 

Coronophora eptstroma Syd 

Phyllanthus retKulaius 

••20 

Diaporthc m^tteriana Syd 

Parana pamcvlaia 

tai 

Hypoxylon nectrtotdes Speg. 

Tantanndvs tndtea 



196 


J. H, Mitter and R. N. Tandon 


No 

Name of the fungus 

Name of the host 

22 

Hypoxylon rubtginosum (Pers ) Fr 

Dead wooil 

|23 

Pleospora bataanensis Petr 

Agavt ammeanu 

24 

-/*26 

Protomycea macroaporus Unger 

C onandrum sativum 

Trtbhdulla rufula (Spreng ) Sacc. 

Albtx'ia odoraitsstma 


BASIDIOMYCtTBS 

(a) UshlagtmUi 

26 

Melanopsuhtum ausiro-americanum 
(SlJeg ) Berk 

Polygonum glabrum 

27 

^Uusints Kttlkarni 

Eleuaine agypitaca 

28 

UsUlago KolUn 

Avena saliva 


(b) Vredtmlea 


29 

Pitcctma kuehnu (Krueg ) Butler 

Saccharum sp 

SO 

Pucctnia penntseit Zimm 

Pennisetum typhoideum 

**31 

Uromyua gtnUln Syd 

Mimusops hexandra 

32 

Vromycta sciana-tlahca (Wet ) 
Yoshino 

Setana itahca 

v/ss 

Uromyces sp 

Saieharum arundtnaceum 
(No Uromyces is mentioned 
on this host) 


(c) HymenomyceUa 

34 

Amamta sp 


35 

Boletus sp 


36 

Derdalea flemda Lev 


37 

Dadaka unKolor (Bull.) Fr 




Fungi of Allahabad, India — III 


197 


No 

Name of the fungus 

Name of the host 

38 

Favoltts scaber B and Br 



Pomes caryophyllt (Rac ) Btcs 


40 

Pomes liiirisstmus I<l>od 


41 

Pomes palltdus Petth 


42 

Pomes rimosus Berk 


^3 

Pomes robusius Karst 


44 

Pomes senex Nets & Mont 

\ 

45 

Ganoderma colossum (Fr ) Bres 

\ 

*46 

Hexogonta discopoda Pat & Har 

Bassta lattfoha 

•47 

Hexagonta discopoda Pat & Har 

Tamanndus indtca 

48 

hpex sp 


49 

Lenitnus sp 


50 

Lensites repanda (Mont ) Fr 


61 

Polyporus calculiensts Bose 


52 

Polyporus chocolatiis Bose 


53 

Polyporus gramocephalus Berk 


64 

Polyporus hooken I,l>od 


/ f66 

Polyporus mlgheriensts Mont 


66 

Polysiictus htrsulus Fr 


67 

Polystictus leomnus KJotzsch 


68 

Polysiictus veluhnus Fr. 
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No 

Name of the fangus 

Name of the host 

(^89 

Porta lacngata Fr 


60 

Porta sp. 

Bamboo 

•61 

Porta ap 

Palm 

•62 

Porta ap 

ViUs negtmdo 

•63 

Porta ap 

Ztxyphtts jujuba 

64 

TrameUs ctnguUUa Ber 


68 

' TrameUs floccosa Brea 


06 

TrameUs pmoont Fr 


‘/OT 

((f) GasteromyceUs 

Cyathus sp 


JiS 

Podaxon *p, 



Fungi nirsKVEcn 

69 

Acrothectum lunatum Waklcer I 

Aitdropogon sorghum 

70 

AiUmarta solant (EH and Mart.) 

Jone & Grout 

Solanum tuberosum 

t71 

Ascochyta cycadina Scalta 

Cycas revoluta 

t72 

Botryodiplodta dractentcola (P Henn ) 
Petr rlSyd 

Dracmna sp 

t73 

Botryodiplodta tnamlemts (Sacc ) 

Petr et Syd 

Eictnws communts 

t74 

Botryodiplodta syconophtla (Sacc ) 
Petr et Syd 

Ftcus rdtgtosa 

78 

Ctphalosportum sp 

Heliantku* sp. 
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No. 

Name of the fungus 

Name of the host 

••76 

Cercoseptona balsamtna Syd. 

Impahens balsam 

77 

Cercospora beitcola Race 

Beta vulgaris 

78 

Cercotpora cruenta Race 

Vtgna caltang 

*•79 

Cercospora tndtea 

Cajanus indtcus 

Cercospora moruola 

Morus alba 

••81 

Cercospora myxa Ryd 

Cordta myxa 

82 

Cercospora ocetdeniahs Cke 

Cassia occidentahs 

83 

Cercospora personala (Berk and 

Curt ) EU & Ev 

Aiachts hypogaa 

••84 j 

Cercospora pulchra Syd 

Cratava reltgtosa 

••85 

Cercospora stssoo Syd 

Dalbergta stssoo 

v/t86 

Cercospora ttnospora Syd 

Ttnosp^a cordtfoha 

•87 

Cercospora sp 

Coectnta xndtea 

•88 

Cercospora *p 

Melilotus alba 

••89 

Cercosporella penstrophes Syd 

Peristrophe bicalyculata 

••90 

CtltochoreUa mangtfera .Syd Nov 
Gen, Nov Sp. 

Mangtfera tndtea 

91 

Cladosporium fulvum Cke 

Lyroperstcum esculentum 

*•92 

ClasierosponuM concinnum Syd 

Ficus religiosa 

tM 

CoUeMrichum drac(tna-fragranks 
(Movi ) Peti et Syd 

Dracana ? Itndti 

t94 

CoiUtoirschum papaya (P Henn ) 
Syd. 

■ . 

Car tea papaya 
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No 

Nome of the Fungus 

Name of the Host 

*•96 

Collftotrtchum Unospom Syd 

Ttnospora cordtfolta 

•*96 

Dendrographttttn mtUen Syd 

Ttnospnra cordtfolta 

•97 

Diplodta hibtsctna Cke ei FJl -Var 
Sabdartffa sace 

Htbtscus sabdartffa 

98 

Diplodta sp 

Parana pantculala 

99 

Dothwrella <!p 

Parana pantctdaia 

tlOO 

Exoirtchum leucomelas Syd 

Pertstrophe bicalyculata 

101 

HaplcsporMa dractenarum (Peni et 
sacc ) Petr 

Dracana sp 

••102 

Haplosporella phylhnlhtna Syd 

Phyllanthus rettculatus 

tl03 

Jsana pukherrtma Berk tt Br 

Phcenix daclyltfrra 

•*104 

Latnyella plantuscula Syd 

Mtmusops elengi 

tl05 

Macrophoma dtantht Gobolto 

Dtanihtts caryophyllus 

106 

Mtcrodiplodia agaves (Niessl ) Petr 

Agave amertcana 

107 

Microdtplodta agaves (Niessl ) Petr 

Agave cantala 

*•108 

Phomopsis artocarpi Syd 

Artocarpus inlegrifolta 

tl09 

Phylloslicta ? conferttsstma Ell et Rv 

Vlmtts tniegrtfolta 

tiio 

PhyUoshcta dracana Griff et Maubl 

Dracana ? lindtt 

111 

Phylloslicta tnoUt Dcsm 

Viola sp. 

•112 

Phyllosticta sp. 

Anttgonum sp 

113 

PhyUosticla sp 

Phasntx sp. 

114 

Septoglaeum acacia Syd 

Acacia arabica 
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No. j 

Name of the I^nngus j 

Name of the Host 


Seplona calysUgtee IVcst | 

Convolvulus arvcnse 

tll6 

Tnchothectum roseum I<k 

Old wood 


Vermtcularta hackUn Syd 

Ricinus communis 






IS THE CHROMOPHOBIC PART OP THE GOLGI 
APPARATUS AND MITOCHONDRIA THE 
ERGASTOPLASM ? 

By M K SUBRAMANIAM. M A , D Sc . 

Keuareh Pillow, Diparlmint of Zoology, Unwernly of Madras 
Received September 18, 1937 
(Comnuntcated by Profeieor R Copala Aiyar ) 

Introduction 

Vkry recently from work on I.yeas/ts (Subramaniam and Gopalii Aiyar, 
1536, 1937) It was postulated that in the vertebiatcs the idiosome ehould 
be present m a masked condition as a core to the strands or plates eomjiosing 
the Golgi network. Since then, the problem is being stitditd from two 
directions. First, I proceeded on the assumption that if such a core is 
present in a masked condition, it should be seen duniig the active synthesis 
of secretion granules at least m some cases During cxjienments w ilh various 
types of vertebrate tis.sues it was found that m the liver cells of the tree 
frog, actually, a chromophobic part becomes differentiated during secretion 
of bile components (Subramaniam, 1937) In the second line of attack, the 
pancreas of the toad was selected, where, the chromophobic part of the 
Golgi apparatus is not visible at any stage If as has been postulated 
(Subramaniam and Goi>ala Aiyar, 1936 and 1937) a chromophobic part 
is present, it should be possible to demonstrate it by some suitable 
techni<iue Bowen (1928) describing certain methods employed by some 
workers for the demonstration of the idiosome in germ cells suggests their 
application to vertebrate somatic cells The fixatives suggested are Bourn, 
Pereoyi, Zenker, Mann or Osmio Acid The stains used are crythrosin, 
bght green, acid fuchsin, methyl green and resorcin-fuclisin It will be 
seen that most of the fixatives mentioned above contain acetic acid - or 
mercuric chloride and most of the dyes ore acid ones The special technique 
for cytoplasmic components is being fidlowed ngidly only in recent years 
and the eariler workers employed mostly acetic acid or sublimate fixatives 
From a study of the earlier papers on the jiancteas it ajipears that it is 
from aoetK acid and mercuric chloride preparations of gland cells that the 
Bigaatoplasm theory was formulated Though not heard of now, the 
Bigastc^lasm theory held sway between the years 1890 and 1910 
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What »s tht Krqastoplasm Theory? 

Nebenkern —In order to get a clear idea of the Rrgastoplasm theory, 
it IS desirable to know something about the ‘ Nebenkern described 
in some gland cells This structure described particularly in the pancreas 
has nothing to do with structures of similar name de«cnbed in pulmonate 
germ cells and insect spermatids Gaule (1881) and Nussbaum (1882) 
ciisc-overed indcix-ndentlv m the pancreas cell a body of uncertain nature 
which thev called the ‘Nebenkern' This structure in a gland cell is a 
moss often of fibrillar structure, the nature and function of which is still in 
disinite According to the description of Nussbaum the development of 
the ■ Nebenkern ’ is related to the yihase of the secretor> cvcle 'fhus cells 
actively synthesizing secretory products were found to have one or more 
large ' Nebenkerns while m cells loaded with secretion the ‘ Nebenkern ’ 
might be absent Ogata (1883) found during his researches on the frog and 
other Amphibia, that the ' Nebenkern ’ was most common in frogs which had 
not been fed for a short tune It disappeared later and appeared again only 
after feeding Curious and fantastic descriptions of the origin and structure 
of the ' Nebenkern ’ aie seen in hlerature Morclle (1927) considered that 
faulty fixation produced a ' Nebenkern ’ while Benoit (192b) assigns to it 
a minor place in cellular <>coiioray 

r.rgastoplasm bv side with the Nelienkern conception was 
develojied the Rrgastoplasm theory Briefly, the so-callcd Krgastoplasm 
IS constituted by filaments and these are usually seen only after acetic acid 
or corrosive sublimate fixations It should be pointed out here that some 
workers considered that these filaments seen in sublimate and acetic acid 
fixations, formed the so-called ‘ Nebenkerns ' of the pancreas, due to spiral 
twisting or coding (Mathews, 1899) A clear account of these fibrillar 
structures was first given by Ebertli and Muller (1892) Solger (1894, 1896 
and 1898) described them m detail under the name ' basal filaments ' and as 
‘ Krgastoplasm ’ their importance was emphasized by Gamier (1897, 1900 a, 
1900 b) and Prenaiit (1898-99) 

The morphology of this structure was never clearly defined but as the 
name ‘ Bolger’s filaments ’ suggests, it had frequently a fibnllar structure 
Divergent structures have been included under the term ‘ Ergastoplasm ’ 
due to their sapiiosed common affinity for and stains, like chromatin, but 
if one has to believe Mathews (1899) both have shghtlv different staining 
reactions as the following statement of his would show " In PI XI, Fig 31e 
one of these threads, stamed red runs over the nucleus and ends in the green 
mass of chromatin " (p 178) This is m the pancreas cell of the hen, fixed 
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in Hermann and probably stained m acid fuchsin and methyl Kfcen The 
most interesting aspect of the Ergastoplasm theory seems to be the concep- 
tion of its alteration in amount (and staining capacity) at different jiarts 
of the secretory cycle Ournicr (1900 a, 1900 A), Preiiant (1899-99), Jacobs 
(1928) and many others have shown that in tells actively synthesi/ing 
secretory droplets the Ergastoplasm is fully develojjed while in cells loaded 
with secretion it is greatly reduced or entirely absent Though most of 
the workers were against the idea of the l-'fgastoplasmic fibrilhc lieing 
actually transformed into secretory granules, yet, the majority agreed 
witli the view that the develoimient of the Krgastojilasin is precedent to 
the secretory substance proper 

Coming actually to the disposition of the filaments oi fibrilliC, they 
have been known to run chiefly in a vertical direction lieside the nucleus, 
while below the nucleus they run in a horirontal direction forming an 
intricate sktin (Benslcy, 1911) The Ergastoplasm has been interpreted 
as artifacts produced hr acid fixation bv some, while others opine that 
the Ergastoplasm has a material existence m the form of an unformed 
material which becomes fibrillar when treated with fixatives which are 
too acid 

Bowen (1929) sums up with the observation that two different things 
have been confused under the name Ergastoplasm (1) the poorlv fixed 
chondnome and (2) the concentrated malcrial in the basal region of the 
cell coming from the capillaries 

Tht Ergastophistn and t/u Chromophobtc Patl of the Golgi Apparatus 
and Mitochondria 

My interest in the Ergastoplasm and Nebenkern concejits has been 
due to the fact that technique once used for the demonstration of the 
Ergastoplasm and Nebenkt-m has been found successful for the demonstra- 
tion of the tdiosomc in germ'c-ells If structures shown by such technique 
could be considered the idiosome, cannot similar stnictures shown by similar 
technique m gland cells also be partly or whoUv due to the idiosomic sub- 
stance ? In order to discuss the above question one has to have a definite 
idea of the structure of the mitochondria and the Golgi apparatus The 
mitochondria are filamentous in the pancreas and no chromophobic comixi- 
nent has been demonstrated in relation with the outside of these filaments 
by any worker Bowen (1922) from his researches on the Nebenkern 
formation dunng spermatogenesis in insects comes to the conclusion that 
these filamentous mitochondria should have a chromophobic area in the 
centre which though not visible i» supposed to be present In other words, 
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the chroraophobie core is siu>i«)scd to occupy a position similar to that of 
the copper wire iii an insulated cable (I-'ig 1) Similarly, vSubramaniam 
and (Jopala Aiyar have suggested that a central chtoinophobic cote should 
be present m Golg) networks, which do not show any visible chtomophobic 



area Both the possibihties have been substantiated in jiart by demon- 
stration of the differentiation of a chroraophobic part in mitoUiondna 
dunng Ncbenkem formation and the differentiation of a chroraoj[)hobic 
area by the strands of the Golgi network In the liver cells of the tree frog 
dunng production of bile constituents The chromophobic part of the 
mitochondria and Golgi apparatus are supposed to be of a proteid com- 
position It is ratlier unfortunate that while the chromophobic part of the 
Golgi apparatus has a definite name — the IdJosome — there is no such term 
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for the chromophoblc part of the mitochondria Tliat the idio^ome at 
least is of a proteid nature could be made from the tests suggested by 
Bowen (1928) for the demonstration of such a component aud with which 
many workers record a demonstration of the idiosome 

The question that has to be considered is, can the Ergastoplasm be the 
chromophobic parts of the Golgi and Mitochondria > Bowen (1929) stiggefts 
that part of the Ergastoplasm may be only a remnant of the jioorly fixed 
chondriome The question arises, which part or component of the chon- 
dnome is the part that persists ? It is toniiiion knowledge— though a 
controversy has Uen raging on the subject— that many workers consider 
the mitochondria as having a proteid-lijioid composition Bowen’s sugges- 
tion cited above should jirove that it is the proteid part that jiersists, for, 
lipoids and fats are washed out by corrosive acetic and acetic acid fixatives 
A similar proteid-lqioid composition has been attributed to the Oolgi npi>a- 
ratus also, but the proportion of the substances are said to be different from 
that m mitochondria It is common knowledge that the cliromophobic 
part of the Golgi apparatus in male germ cells has been long known to 
cytologisth under various names, even before the fact that it only forms a 
part of the Golgi apparatus Reex-ntly, Poisson (1927) has demonstrated 
this comi»nent of the Golgi apparatus liv a technique originally devised 
for connective tissue and the detection of imicin Mucin, it will be interesting 
to note, IS of a proteid nature and heiie-e necessarily the idiosomc should also 
have a "proteid composition Thus we find that the methods employed by 
the supporters of the Ergastoplasm theory and those who have demonstrated 
the idiosome were identical The reason why it escaped the attention of 
Bowen (1929) who gave a brdliant review of the Krgastojilasin theory as 
also the methods for the demonstration of the Golgi apparatus and the 
idiosome (1928) is due to the fact that he paid little attention to tlie 
structure of the Golgi apparatus and the mitochondria 

Now it remains to consider the reasons for and agaiast a considera- 
tion of the Ergastoplasm as the chromophobic part of the Gedgi apiiaratus 
and the mitochondria From a perusal of the hteratiire it njiiiears to me 
that one of the senous objections is that the filaments of Solger occur only 
in gland cells, for example in the acinar ceils of the pancreas, while the 
mitochondria occur m acinous cells as well os epitheUal cells It shoiiTd be 
pointed out here that great changes m volume and distnbution of the Golgi 
apparatus and the mitochondria occur only m actively secreting cells and 
not in epithelial cells and a iierusal of the papers and Text-books on Histo- 
logy will show that the shape and complexity of the Golgi apparatus and 
mitochondria vary m sections of a particular organ composed of different 
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t>’pes of eelk ♦ Thus the objection cited aliove is of little value A more 
important consideration raised by Benslev (1911) seems to be that the 
filaments of Solger were not seen in bvmg material whereas the mitochondrial 
filaments were seen when stained with Janus green Bensley (1911) seems 
inclined to believe that the basophile filaments are fixation artifacts due to 
acid iirecijiilation lie also suggests the other jiossibility that the Ergasto- 
plasniic fibnlla> ina> be imbedded in a substance of the same refractive 
index, and that they may be rendered visible in acid fixations by contrac- 
tion On tins basis, according to him, it is necessary to assume that the 
filaments are swollen in chrome sublimate and formalin zenker prepara- 
tions. so as to occupy apparently all the space in the cell not taken up 
by the mitochondrial filaments and fat globules Another argument of 
Bensley is that m pancreas fexed in acetic-osmic-bichromate, stained 
in anilin fnchsin and differentiated in methyl green the mitochondrial 
filaments are stained intensel) red while the basal substance is green 
It will be seen that these objections are \alid only if both have an inde- 
pendent existence When we conceive of the ixissibility of the Ergasto- 
jilasniic fibrilltc forming a core to the mitochondria it will be evident that 
the criterion of differential staining in the manner applied by Bensley 
does not convince one that the Ergastoplasmic fibrilhe are artifacts 

Benslev in.ikes a distinction between the filamentous mitochondria 
observed by him and the Ergastoplasmic fibrillae by their obvious structure, 
namely, the mitochondria are coarse and bacillus-hke, while the filaments of 
Solger are fine and often form an intricate skem If the jiossibility of the 
ehroinoiihobic jiart of the mitochondrial filaments forming the Ergasto- 
plasmic fibnllce is admitted, then they have necessarily to be fine filaments 

Tims having considered some of the objections we shall pass on to the 
resemblances m topography between the Ergastojilasmic or Solger’s 
filaments and the Golgi aiijiaratiis and the mitochondria Bowen (1926) 
and Hirschler (1918) are of opinion that the mitochondria and the Golgi 
apparatus have a lamellar structure This is exactly what has been postu- 
lated for the Ergastoplasm by innumerable authors who consider that the 
fibrillar appearance is only the sectional view of actual plate-hke structures 
Bensley described mitochondna in the acinar cells of the pancreas a« 
locafSd for the most part in the basal portion of the cell Recent researches 
on the pancreas by Hirsch (1931 and 1932) and Duthie (1934) confirm the 
above observations of Bensley, but it appears to me that these authors 
have attached too much imjmrtance to this basal position of the mitochondria 

• S«« Ludford, JJi.MS, 1925, FJ*. 3, p. 357; Cajal. Hutology, 1934, Fig. 130, p. 1«7. 
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and attnbute the production of prozymogen to the niitix-hondna. The 
Golgi apparatus is network-like an<l lies ]ust below the niicleius I believe 
tlie fact that diunng secretory actmty the Golgi apparatus and mito- 
chondria increase in number and si/e needs no reiteration and elaboration 
Going further into the resemblances, I find that the earlier workers on 
Nebenkern and Ergastoplasm have emphasized the fact tliat in cells 
loaded with secretion the Ergastoplasmic fibrillie and the Nebenkerns 
were absent Thus in almost all cases the development of the Nclxnkern 
and Ergastoplasm has been viewed as in some sense precedent to the 
synthesis of the secretoiy material proper It is e'cactlj at this 

stage, prior to and during synthesis of secretorv materials that h\^)eI- 
trophy of the Golgi and mitochondria occur Thus haling established 
the probabilitv we shall consider the topography It should be pointed 
out here that under the term Nelienkern and Ergastoplasm all sorts of 
curious structures have been described The probability considered here 
19 only that between the protcid structures usually showing basophihi 
reactions and the chromophobic part of the Golgi apparatus and mito- 
chondna In most descriptions of the Ergastoplasmic hbnilx they have 
been dcscrilied to have a longitudinal ilisposilion at the sides of the nucleus 
and a transverse disposition below the nucleus Ilut even Hensley’s 
descriptions seem to suggest that the images of vSolger’s filaments 
may not be sujienmposable on the jnctittes of the mitochondria and 
the Golgi apparatus obtained in the same cell Here, I believe the cause 
seems to be the principle of fixation Students of cytology will be 
familiar with the fact that the chromosome fixatives are quite unsuited 
for a demonstration of the mitochondria and the Golgi apparatus 
Moreover, solutions containing mercuric chloride and acetic acid do not 
fix fats and lipoids and hence during the various stages leading up to the 
clearing agent these have to escape from the tissue leading naturally to 
the production of currents in the cytoplasm whuh may lie responsible 
for the production of incorrect pictures of Ergastoplasmic fibrilla; which 
do not fit in exactly with the pictures of mitochondria and the Golg» 
apparatus In this connection Mathews' (1899) observation seems to be 
interesting He teased living pancreas cells of Necturus in saline and while 
observing them under the microscope introduced mercuric chloride and 
other fixing agents When corrosive sublimate is thus introduced he saw 
these threads rendered visible at the first touch of the fixative, swinging 
rapidly back and forth in consequence, he suggests, of strong osmosis 
Apparently, what he saw was the mitochondria being shorn of its lipoidal 
part 
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CowlustoH. 

I am giving below diagrammatic representations of the position and 
supposed structure of the Golgi apiiaratus and the mitochondria (Fig 1) 
os also the ErgastopUsmic fibnIUe (Fig 2) in order to demonstrate the 



the possibility of the chromophobic core of the Golgi and mitochondria 
being the Ergastoplasmic fibrillae Though only further work on 
pancreas can justify this assumption , is it not possible that what are de- 
senbed under the tenns Ergastoplasm and Nebenkem may, after all, be the 
chromophobic portions of the Golgi apparatus and the mitochondria ? 
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In the present note we will give some statements toneerntng the Hsemo- 
parasitology of the Indian Birds 

Trypanosoma ^ymnorhidts n <ip 
Parasite of Gymnorhts xanthucollis, Burton 

This bird, shot at .Santo Kstevam, 'bowed us in its blood smears 
besides the Hamoproteus which has already been dc'cnbecl and named 
H gymnorhtdts' some specimens of a Trypanosome, which will be named 
Trypanosoma gymnorhtdts n sp as up to date no Tfyr>anosome has been 
described m birds of the genus Gymnorhis 

The morphology of this flagellate agrees with the general form of such 
parasites Its protoplasm is not uiiifoniilv stained by Roinanowsky stain, 
as m some parts it shows some zones, irregularly scattered, taking a dtnser 
tinge 

The figure gives a perfect idea of the irregularity of form, mmilx;r and 
situation of these zones 

Macronuclcus central and surrounded by a large clear area Very 
large. It occupies the whole breadth of the parasite, and has an ovoid form 
In only one specimen (Fig 3) its situation is rather subccnlral, closer to the 
posterior pole The macronucleus has a compact structure in fullv grown- 
up individuals It suffers a binary division whose initial process seems to 
begin by a kind of linear split in the middle of the endosomic mass 
(F'lgs 2, 4) 

The micronucleus is verv small and sometimes not perfectly distinct 
(Fig 2) It IS situaterl at .a certain distanc-e of the pointed rostrum-hke 
tail of the parasite 
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The axoneme of the \inilulaiit membrane is generally in the form of 
a line deeply tinged with blue Even in slides stained by Heidenhain's 
iron-lnematoxylin, in DO per cent of the speamens. this organelle does not 



show a chromatic tinge In perfectly stained individuals, however, it can 
)je seen, starting from the inicromicleus through a fine thread which 
becomes larger at one to two microns of distance It continues bordering 
the uiidiilant lueinbranc and does not end in free flagellum 


Mtusttremenft of Six Individuals (i» Microns) 


No. of speclraens measured 


2 


4 

S 

6 

From the posterior extr, to the kineto- 
DDCleUS 

6 

2 

1 

1-6 

6 

5 

From the kinetonuoleus to tropho- 
nuoleas 

7 

11 

12 

9 

12 ^ 

10 

Breadth of the trophonncleus 

2 

2 

2 S 

2D 

3 

2-6 

Free flagellnm 

0 

0 

0 

0 

0 

0 
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Hamoproietd of Halcyon smymensis fusca (Bodd) 

This bird, shot at Santo Estevam, identified bv Dr Bami Praslmd, 
has shown an intense parasitism by an Hamoproieul with the following 
characters , — 

Sextial dimorphism, the male gametocytes being colourless or with a 
slightly blue tone not uniformly spread in the protoplasm when stained by 
Romanowsky The small forms are oval and when grown tip they arc 
haltheride-like, sometimes surrounding completely the niitleus of the red 
cell as both extremities of the parasite fuse together leaving often a certain 
amoimt of the red cell l)ody unoccupied The pigment granules arc of 
vanous sizes, often very minute, often large, isolated or assembled in 
(.lusters, showing, however, when compared with the female gametinvte, 
a tendency to be collected on the fiolcs In small forms one or two granules 
only can be stated, but m large fonns such granules arc more abundant, 
specially m those very large, surrounding the nucleus of the red cell and in 
such cases tliey are scattered all over the body The nucleus of male 
ganietocyte is very large, generally central, rarely sub-i.entral and occupy- 
ing n large part of the body, often without definite outline It is stained 
m rose by I^eishmann's stain, reddish by Mav-Orunwald-Oiemsa 

With this last coloration the protoplasm of the parasite stains slightly 
reddish violet 

The female gametocyte, oval, fusiform or in the form of a slender 
halthend, when voung, is definitely haltheridic when grown up Often the 
halthendes are somewhat irregular As in the male gametocytes, both 
poles of the gametocyte fuse togetlier and surround the nucleus of the red 
cell, when the parasite is fully grown up The protoplasm of the parasite 
IS definitely blue with Romanowsky, but the stain is not uniformly spread 
The pigment is black-brown, or coffee-brown as in male gametocytes, but 
generally with a dceiier tinge than in the male With May-Gnmwald-Giemsa 
this pigment in female gametocytes takes sometimes a punile violet tone 
Its distribution as well as the size of the granules is irregidar Some 
specimens show a polar location, but generally subcentral, rather with a 
polar location 

The red cell is generally not altered when the parasite is voung or 
medium sized The grown-up specimens displace the nucleus of the red cell 
to the periphery. 

We have found some figures (note Rigs a and 6) which could not be 
correctly interpreted Besides the nucleus, thev contained small rose 
corpuscles, which were not however of nuclear nature 
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HA-tiioprotful!, have been described m 
Halcyon Undiayi bv Hegiter and Chii, 193l» * 

Halcyon senegaUnsts by Theiler, 1930 • 

Halcyon smyrnensi^ (1915) by de Mello. the parasite having been 
named HcemoproUus halcyontt * 

Onr parasite ts not perfectly the same as H halcyoms from Halcyon 
smyrncnsts We believe that it umsHtutes a mere variety which wiU be 
named Hamoprotcus halcyoms fusca 
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A New MKroJUanum of Ardeola grays Sikes (shot at Santo Estevam) 

Provided with a conspituoiis sheath this mitrofiland shows its contents 
packed up in an uniform band-like slrueture without ans distinct sejiaratioii 
between them Its cephalic extremity often does not show anv sheath 
appendix and tljc nuclear mass begins iniiiiediatcly behind the membrane , 
sometimes a small clear zone, where one or more granules are noticed, 
marks a rudiment of anterior sheath, which, in other specimens, is elongated 
as a glove finger and show's the same structure as the jiostenor apiiendix, 
generally fairly constant and much more des'elopcd The posterior extre- 
mity of the nuclear mas.s may be roundish, twisted oi abruptly cut No 
definite «pot is seen in the body only a siilit like intenuption is found iii 
the centre and rarely near the posterior end 

The slieatli appendices are very curious elongated as a glove finger 
and showing minute gianules, scattered all over, fibrils irregiilarK twisted 
and patches of substances taking a violet stain with Roinniiowsln, whose 
location defies every' description and is well figured in the illustrations 


Measurements in Microns 


No 

Total 

length 

Body 

length 

Breadth 

Breadth 

of 

Bhcath 

Ant appendix of 
the Hheatb 

Post appendix of 
the sheath 

Length 

Breadth | 

Length 

Breadth 

1 

102 

122 

3 5 

6 

40 

4 

- 

: - 

2 

231 5 

193 

3 5 

7 

36 

6 

3 

2 6 

3 

118 

108 

4 

5 5 

10 

6 6 

- 

- 

4 

216 

160 

3 5 

6 

66 

5 

- 

- 

6 

198 6 

110 6 

4 

4 6 

66 

7 

60 

5 

6 

231 

131 

4 

6 

61 

4 6 

42 

6 

7 

229 

144-6 

3 

6 

3 76 

7 

47 

12 

8 

169 

115 

3-6 

6 

56 

6 

6 

3 




UicrofilarUim lUnai. 
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The senior author has Jc-scnbcd a raicrofilariiini of tins bird under the 
name Microfilartum ardenlee * The present imcrofalaruim is a different 
species which we will name Mtcrofilartum Itmai sp n as an homage to 
Prof J A Pires de I,ima, from the Faculty of Medicine of Porto 
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Over fifty per cent of the specimens of the Pentatoniid bug Aspongopus 
obscurus (Fabr), kindly identified by Dr Balm Prashad from the 
Zoological >Survty of India, harbour in their intestinal tract a small cerco- 
nionad which will be desenbed in this iiaper. 

In living condition one cannot trace but the movements of the flagellate, 
whose structure, often very diflficult to interpret on account of the small 
size of the parasite, is fairly well seen in material fixed by sublimate alcohol 
or Bourn and stained by Heidenhain's iroii-hsematoicjdin. 

The general morphology of the ixirasite is oval, rarely pynform, the 
posterior pole having a ixiinted apiiearance (Fig 10) The membrane is 
of peripUisttc nature iii active foniis, the cytoplasm contains often some 
inclusions of, probably, nutritive material (Fig 2). The nucleus is oval, 
of protokaryon tyjie, surrounded by n strongly siderojihyl membrane and 
occupies a more or less central position (Figs 1, 2) On the anterior pole 
there is a rather large blepharoplast, which seems to us constituted by the 
fusion of at least two granules, whose union, in such case, takes the 
ap)x;arance of a rod (Fig 4) From this blepharoplast start three flagella ; 
two very thin, having an eijual size and direct^ forwards, one thicker, 
of cercomonadic type, adhering to the body which it crosses and becoming 
free on or near the posterior pole 

The division occurs by mitosis and shows the following phases ; — 

(а) Premitotic stage where the nuclear karyosome becomes a sort 
of dust filling completely the endosome (Figs. 3, 9) giving, on a further 
stage, origin to spireme (Figs 11, 4). 

(б) Mitosts where only the following stages could be observed: 
prophast with 4 chromosomes and telophase (Figs, fi, 0, 7, 8), 
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The baso-flagellar apparatii*! suffer! also a division, the daughter 
granules being attached by a desmose (Figs 8, 9, 10, II) 

The nucleus in mitosis is consulerably enlarged aud occupies various 
positions whose meaning remains for us obscure 

We have not been fortunate enough to find figures with the division 
of the postenor cercomonadic flagellum. 

The encystation of the flagellate occurs m the following way the 
membrane becomes much thicker than in active forms, the flagella 
suffer a kind of reabsorptlon, the remains of the cercomonadic flagellum 
being the last to disappear The nucleus seems to increase and the 
karyosome is reduced to chromatic dust It is quite possible that some 
process of division occurs also m the cystic stage, but we have no definite 
evidence on this point 

Measufofiunts —Vive flagellates were measured and the stetementa 
(in microns) are contained in Table I 

ClasstfiaUton — Our flagellate belongs to the genus Trtmtius Alexieff 
1910, sp. typ. Trimttus motetla, parasite of the intestine of the marine 
fiish MotMa tricirraia 
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Tabi,e I 


No 

liong axis 

Breadth 

Oercomonadic ] 
flagellum 

Ant 

flagella 

Nucleus 

1 

1-5 

4 

91 1 

5 

1 6 

2 

3-6 

3 

71 

4 

1 

3 

3 

2-6 

6 

4 

1 

4 

6 

4 

15 

6 

2 

6 

3 

2-5 

7 

3 

1 


Tlif' cliarai-tcrs of the Ri-nus Trtmtius arc f«o anterior flagella and 
one jio^tLrior, this one. thicker, of cerconionadic tyiw, and with its axoneme 
crosmig the bod> Nucleus anterior, subterininal, one basal granule 
giving rise to the three flagella 

The other pet uliarities whiili we find m Weneoii' describing the 
7 rimtliis mntell<T, such as the length of the [losttrior flagellum, 4 to times 
longer than the body and that of the anterior flagoUa, one of which has the 
same length as the body and the other, half of this length, must be con- 
sidered as siietific characters of T tnoUlUv 

We do not attach also great importance to the number of the basal 
granules In m<iu> of these small flagellates, wc have seen that such 
organelles, even when seen under the apficarancc of one unit are, in reality, 
provenicnt of the fusion of more than one basal granule, tlicir anatomic 
independence being often seen only in mitotic phenomena. 

In 1919 Chalmers and Tckkola’ described under the name of 
Dtcercomona'! soudaKcnsts, renamed afterwards Dtplocercomonas sudanensts, 
a flagellate in human faeces much similar to Trtmitus Weuyon’ 
having examined the original films of those authors, states that they 
were either Embadomonas mtesltnahs Weuyon & O’ Connor (1917), either 
Tncercomomis inUMnahs W & O Con . 1917 If these statements 
are correct Dtplocercomonas becomes a nomcn nudum If Chalmers and 
Pckkola are right m their description, Dtplocercomonas becomes a synonym 
of Tnmttus 

The gcnenc name Trtmitus must be defined in the Sensu Alexiefl (1910) 
and not in the meaning which was given to it by Diiboscq and Grass4 in 
1923 The so-called TnmUus of these French authors has been shown by 
Kirby Jr * and de Mello* to belong to the genus Trtceecomitus Kirby (1930) 
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The species we are rtestnbing iiow constitutes the second one belonging 
to the genus VVe dedicate it to Dr U Rama Ran. the distinguished 

Director of the “ Antiseptic ” from Madras and Pftsident of the Legislative 
Council of that Presidency It will be named, therefore, Tnmttus 
nmaraut ii sp 
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Since the floral nectanes have an important bearing on the mode of 
pollination, the study of the nectar secretion in the coconut flower was 
pursued Fetch (1913) has recorded the secretion of nectar from three 
nectaries at the base of the teeth of the pistiUode He has also mentioned 
the existence of numerous jiores which exude a sweet fluid Sampson 
(1923) has observed that stigmas when receptive " have a sticky viscous 
surface m the triradial opening and that honey is secreted by glands at the 
base of the ovary whoso ducts open near the apex of the fruit coat 
Huggms (1928) has also observed the presence of nectanes in both the male 
and the female flowers Marethal (1928) has recorded the secretion of a 
sugary fluid from the numerous pores situated round below the stigmas 
In the course of the work carried out in this laboratory (Patel, 1937) the 
presence of three intercarpellary channels which themselves secrete honey 
was revealed 

Material arid Methods 

Male dud female flowers in the ordinary tall type of palms under 
observation were removed from the floral axis at the time of honey secre- 
tion The ovary was fixed in small pieces, but the pistillodes from male 
flowers were fixed in toto Fonnalin-acetic-alcohol was used for killing and 
fixing After washing in water, dehydrating in graded scries of alcohol 
and cleanng in grades of xylol or chloroform, the material was infiltered 
with and embedded in paraffin in the usual way. .Serial section-s 10-ltt ft 
were cut from the base to the stigma of both the ovary and the pistiUode 
Sections were stained with sdfranm and Delafield’s hamatoxyhn, and 
saframn and light green Suitable Wratten ‘ M ' filters and point light 
were used m taking photomicrographs ; uniformity of focus in the field was 
obtained by the use of photo-eyepieces (Zeiss), Freehand sections were 
made use of extensively for rough examination 

* Contribntion No. S of the Oil Seeds Section, Depirtnient of Agricaltiira, lUdnu. 
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Observattons 

Male Flower . — A deaf, sweet fluid is secreted from the triradial oiien- 
ing of the pistiUode teeth when the flower oiiens. The test with hehhng’s 
solution revealed the presence of sugars in the fluid Secretion is more 
profuse towards the evening A delicate scent is also perceived Bees 
and ants are some of the more frequent insect visitors 

Serial sections of the pistillode cut from the bottom to the top just 
at the time when the secretion occurs, reveal three intercarpellarj' or septal 
glands They are narrow, short and free at the base of the pistillode but 
meet a Uttle way up in the centre and appear like one entire structure with 
three radiating branches, corrcsjionding to the three carjiels of the pistillode 
(Fig 1) The secreting surface consists of a closely jiacked palisade-bke 
cells with rather large nuclei, dense granular cytoplasm and thin walls 
The gland increases in breadth radially and extends upwards to the bases 
of the pistillode teeth where it ojicns between the teeth (Ibg 2) in the 
triradial orifice 

Female Flower — After all the male flowers are shed, the female flowers 
become receptive, The stigmatic region emerges out of the perianth lobes 
As the stigmas become receptive, a sweet fluid collects on their inner 
surfaces. A little below the stigma, there are three orifices (Fig 6. no 9) 
1-2 mm long Each orifice (Fig 6, no 9 , Fig 3) is a minute opening alter- 
nating with a stigma Sometime after the stigmatic secret loq^^commences 
a large drop of nectar collects at each of these three onficts 

Freehand sections «howed the nectar oozing from three different 
centres within the ovary (Fig 4) Each secreting area is situated in between 
the margins of carpels m a line with each of the arms of the central radial 
canal (Fig 0) Secretion is most profuse midway between the stigmas and 
the base of the ovary, and it is veo' scant (1) in the region of the ovules 
and (2) m the region between the stigmas and the onfices It is completely 
absent at the base of the ovary below the ovules 

Sampson makes mention of three honey glands at the base of the 
ovary, the " ducts " of which ojien near the apex of the epicarp In view 
of the work reported in this note, it is clear that there are no glands at the 
base of the ovary and the " ducts ” are the nectaries. 

The course of the septal glands is indicated in Fig 0 The shape of 
the gland is like a canal or duct branched and compressed laterally. It is 
narrow at the upper and lower extremities but broad about the middle 
(F^ 6) Near the orifices, the glands take a very superficial course and 
are, therefore, indicated by slightly swollen streaks on the pericarp 
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extending to tlie stigmas The gland is lined by closely packed jialisadc-like 
secret mg cells, as tn the nrale flower and surrounded bv a tissue of paren- 
chyma (Figs 7, 8) The nectar from these glands oozes out through the 
three orihces, mentioned aliove 

The stigmatic secretion which starts a little earlier than that of the 
septal nectaries is effected bv the epidermal cells of the inner face of the 
stigma The tnradial canal (Fig 5) in the centre of the ovarv where three 
carpels meet and which extends from the stigma to the ovule be.inng region 
at the base of the ovarv does not appear to take jiart in secretion 

Fetch has mentioned the presence of muiicrous pores below the stigma 
“ The position of the pores is indicated by whitish spots ” round about the 
base of the stigma Microscopic examination of this region shows a large 
number of closely packed needle-shaiied crystals (calcinin oxalate) in shallow 
depressions ou the epidermis, which is provided with secretory cells (Kig 9) 
These cells exude a liquid which on drying leaves incrustations of crystals 

The inner tissue of this region is made up of a mass of parenchvmatous 
cells with a mimber of scattered, young vascular strands without any 
secreting elements But the epidermis consists of closely packed, conspicu- 
ously elongated cells. These belong to the category of trichome type of 
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multi-cellular hydathodes each consistiiiK of a i;rotip of 4 ro 10 cells, with 
a narrow base, round head and thick outer wall 

Fetch has further recorded that the secretion from thise "pores" 
(which are now found to be the secreting elements) forms a ring of liquid 
preventing the ants from reaching the stigma fn the nuterial e\amiiied 
in the present investigation, this exudation was found to occur long before 
tiie stigmas became receptive The liquid had evaporated and minute 
deposits of cPistals (white specks) were found a week prior to the opening 
of the stigmas It is, therefore\ very likelv that under South Indian condi- 
tions the nng of fluid docs not exclude the ,mts from the woik of 
jxillination 

Discuiston 

Knuth (1909) has stated that the Sficetes of genus Cocos arc aneiuo- 
philous, but the subsequent investigators have recognized the imfirirtaiice 
of uvst'Cts m adelition to wiinl as laillumtlng agents in the coconut The 
secretion of nectar bv the male and the female flowers as also the sweet 
scent of the inflorescence show that the flowers are partuularlv ada]>tcd 
to attract insects Hut there seems to lie a difference of opinion as regards 
the part played by ants in jiolluiation Fetch and Huggins have rejected 
the possibility of ants acting as agents in jiollination, because of their 
inability to cross the ring of sweet fluid and reach the stigma It has Ixan 
shown that the ring of liquid disajipears long before the stigmas become 
receptive Furtado (1923-25) has shown that ants do help in tlie pollina- 
tion of the' coconut flower Kidavu ami Nambiar (1926) observe that ants 
very proliablv hc'lp in transferring pollen 

Septal glands similar to those found in the coconut flowers are reported 
to occur in Lxhftora and Scttaminea Haberlandt states " The septal 
nectaries which occur among Lthflora and ScUamnea; iielong to the category 
of internal glands According to Orassman, they arise by the p'artial 
noii-coalesccnce of the margins of adjacent cati>els When fully developed 
the> consist of branched or unbranched canals and crevices in the substance 
of the jx-ncarp, lined bv pajnllose or palisade -shaped secretory elements 
Special outlets are provided for the escape of nectar ” The “ remarkable 
extra-nuptial nectanes ” found at the base of the petiole in the genus 
Fagrea has, according to Haberlandt, some points in common with the 
septal nectaries Here the " palisade-shaped secretory cells cnelo.se a cnvitj 
which ramifies more or less extensively in the substanex' of tlie leaf and 
opens outside by a passage ” Tlic septal or intercarpellary nectanes of 
the coconut are exactly hke those of Liliflora and Scxtaminea; quoted above 
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and bear a remarkable likeness to the extra-nuptial gland in Fagrea figured 
by Habcrlandt. 

Eames and Mac Daniels say ” that the secreting cells of the stigmatic 
surfaces are of the same nature as those of nectaries . , . In all prob- 
abiUtv the majority of the nectaries are phylogenetically derived from 
hydathodes " This would mean that the secreting cells of the stigma and 
nectaries, and hydathodes are closely allied Thus in the coconut the 
secretory cells of (1) the septal nectaries, (2) the base of the stigma, and 
(3) the stigmatic surface, may be essentially of the same origin though of 
different shajie and size That the secretory cells of the stigma, and the 
hydathodes are of epidermal origin is obvious from their position As 
regards the septal nectaries it may be seen that since they arise b> jiartial 
non-coalescence of the margins of adjacent carpels they also are of epidermal 
origin 

Summary and Conchmons 

(1) Septal nectaries and hy<lath<Ml».s arc for the first time reported in 
the coconut 

(2) Nectar is secreted bv the stigmatic surface and by three septal 
nectaries which arc provided with outlet- below the stigma There are no 
sc-creting glands at the base of the ovary 

(3) The epidermal hydathodes exude a liquid in tlie region below the 
stigma Under Soutli Indian eondilions, m the tall type of palms, this 
exudation occurs before stigmatic receptivity, and does not exclude ants 
from reaching the stigma 

(4) In the male flowers also the secretion of nectar is effected by septal 
nectaries situated in the pistillorle 

The author’s thanks are due to Dr J S Patel, the Oil Seeds Specialist, 
for much valuable guidance during the course of the work 
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In 1928 Hauda desenbed certain spon-hke bodies m a siiecies of Oaingonium 
which be diagnosed .is akinctes Thi present author also came across such 
bodies in a fertile spccit-s of Oedogonium last year 

These s]K)rc-likc bodies arc 20-24 p broad and 30 72 p long, and are 
obovoid in shape Unlike those observed by Handa, these liodies were 



(o) Show* two recentbf divided cell* with ipUnoiiKire*, (h) and (c) Thick-walled 
aplanosporei in vegetative cell* All X 6fi0 
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always found singly inside each cell and never In pairs In some cases 
they liave a thick walled covering (Figs h and c), and in one case where 
these were found inside two recently divided cells, the eoveriiig wall was 
very thin (Fig a) 

The morphology and origin of these spoie-like bodies is interesting 
Handa collected hts material from a hilly jilacc in southern Shan States 
of Burma, and surmiseil that a high altitude with its aeeoni|)aii>ing low 
temjieraturc mav influence their prinluction 'The material described in 
this paper was eolketed from the plains of the Punjab from a pond in 
Koshiarpiir Distrut in the month of March 1030 So by no stntch of 
imagination can one ascribe their formation to low temperature and high 
altitude 

In the ehapter on " Vegetatne and Asexual Reproduction of Oedogo- 
niaks ” m his Structure atui ReprodttcitoH of the 4lg(e, Fntach states 
in a foot-note, " H.inda's record of such stage (referring to resting celt',) is 
open to doubt, as the presence of a parasite is to be sus]>ert(d ” As to 
what the grounds are on which such a suspioon is based, none arc givdi 
Chvtridiaceous fungi which are common parasites of some species of Spirogyra 
and Oeiiogontum, are' usually globular in shajic and imieh smaller m 
size None of these fungi were noticetl in the present material So to call 
these sporc-likc bodies as fungi or to siisiieet their origin due to fungal 
organisms seems rather fur fetched 

How far is it right to call these bodies as nkmetes is also ojicn to doubt 
Akmetes are usually produced by the transformation of whole cells bv the 
secondary thickenuig of the cell-wall as in Pithophora, Oecioiladium and 
Zygnema gtganleum In this ease these sjjore-like bodies are formed inside 
individual cells by the rounding off of the contents and not by the thicken- 
ing of the walls of the mother cell Most probably tlieso are aoosjjores, 
which ha vine been unable to escape due to certain circumstances, have leist 


their flagella and developed thick walls This is apparent from iheir 
resemblance in shape with immature zoospores as seen m Fig a Ilencc 
it is more appropriate to call these bodies as " Aplanospores ” rather than 
" Akmetes ’’ As to whether these aplanospores are cajiablc of germination 
and producing new individuals can onlv be found by fnrtlver obseri'ations 


and experiments 
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1 Short History and Introduction 

Before the extensive survey of Sind by W T Blanford* and Fcdden in 
1872-74, the stray collections of fossils made by Blagruve and by Capt 
Vicary wtre desenbed by d’Archiac and Haitne,* who had aissigned a lower 
Tertiary age to all the Tertiary form.-itions of Western India Later work, 
however, by I’rof Jenkins” on Vicarya vernemU, and the associated forms 
definitely proved the existence of Miocene beds in Sind 

Of the large collection of fossils made by Blanford and Fedden, during 
their survey, the Foramiiiifera were worked out by Prof R. Jones, Corals 
wore studied by Duncan while the Echinoids and Mollusca were provi- 
sionally identified by Blanford and Fedden— Echinoids were revtsed by 
Duncan and Sladen," and the Mollusca were described by Cossmaim and 
Pissarro,” Vredenburg*’-^* and Douville 

With the idea of doing more detailed and systematic stratigraphical 
work on lithological and palaeontological ba-scs, a large collection of fossils 
was made, bed by bed, from the neighbourhood of Bagatora (lat 26° 21' 
long 07° 55') and the dome north-west of the village of Laki (lat 26° 16' 
long 67° 67') • 


• The collection party conjisled of the late Prof. K. K. Mathur and Meiiri. 0 W. 
aiiploiiker, M L. Mura and V. Bbaiker Rao. 

N a.— The following general lequence in the tertiary formation! of Norrth-Wettem 


India II given for the sake of convenience. 
Mancbhar f Upper 
Series I Lower 
Gai Series 
Nan I Upper 
Series 1 Lower 
rUpper 

] Middle 


Lower Pleistocene 
Upper Miocene. 

Burdigalian 

Aquitanian. 

Stamplan 

Upper Lutetian and 
probably Bartonlan. 

> Lower and Middle Lutetian. 



ERRATA. 

VM VI, No 4, Ortofrer 1937 
Page 232, line 21— 

for Vredonburg*’"** read Vredenburg*"““ 


Pago 246, Spericg No 6 i — 

for Maj^ntiepi'fula, Hae<' 0 , var hagatoretine, var nov 
read ,, mag^mwprrula, Saoco, var bagatoreneif, var 
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The present paper is intended to commimicate the results of the palse- 
OBtoJogical study of Gastropods from the two above-ineiitione'd localities 
Other groups of fossils represented in the colletiion are Poraminifcrs, Corals, 
Echinoids. Lnmellibranehs, Nautiloids, vertebrate teeth and bones and silici- 
fied wood 

// Descnpiion of Spectes 
fflwi/y TURRITIDdJ. H and A Adams 
Genus Tobricula, Herrmann, 1783 
Turrtcula laktensts, sp nov 
PI XVI, Pig I 

The solitary specimen has a rather slender spire with three whorls, 
shouldered at a little distance from the postenor margin Height of spire 
whorls IS about two-thirds of the width Posterior to the shouldering the 
whorls are nearly flat, and convex anteriorly 

Ornament consists of prominent axial ribs, seven or eight pir whorl, 
crossed bv spiral threads alternating in two sms 

Body whorl is large and much inflated, and passes through a slight 
concavity, mto the terminal stem (terminal iiortion of the body whorl was 
slightly damaged due to scraping before the specimen was jihotographed) 
Aperture is angulatcxl posteriorly to the shouldering Anteriorly, the 
outer lip runs nearly vertical and suddenly turns towards the terminal 
stem, giving to the at>ettiire an elongate ovate outline Height of the 
aperture is about two-thirds of that of body whorl The inner hp is well 
defined, rather tbm and deflected to the left at the beginning of the postenor 


Height of the spire • 18 mm 

Height of the body whorl . 26 ,, 

Width of the body whorl 17 „ 

Height of the aperture 17 ,. 

Width of the aperture . . 11 


Companson —Very close resemblance is offered to the present specimen, 
by Swcula (PUurofusta) scala, Vred , Var ? from the Miocene of Myanktin, 
Burma," but the Sind fossil differs in having a shorter spire, the penulti- 
mate whorl markedly smaller than body whorl and the inner lip receding 
to the left a little sooner 

Occurrence — The middle division of the Uj^r-Middle Kirthar of Taki- 
Dome, north-west of Laki village. 
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Family CONIDjE. Adams 
Genus Conus, lyinnseus, 17B8 
Conus vredenburgt, sp uov 
n XVI, Fig 2 

The conical spire shows three or four whorls with height about one- 
fourth of their maxinuini width, corresponding with the anterior margin 
, Spire angle it. about 63° Whorls arc angulated anteriorly at about one-thifd 
height Region antenor to the angulation is sub-vertical, while the ixisterior 
region IS conspicuously concave The slightly raised posterior margin and 
the angulation give the up|)earauce of two closely situated cords winding 
round the spire ujito the aiHX This two-cord structure is likely to suggest 
SIX or eight spire whorls On the concave posterior slope, fine, crowded 
growth-lines arc concave forward They are aiitecurrent to the angulation 
and retrcKurrent to the posterior margin They give to the angulation 
and to the ]josterior margin an aspect of a row of scaly plates facing 
backwards 

Body whorl is conical with feeble convexity Here the growth lines 
are convex forward Anteriorly to the angulation, body whorl is decorated 
with rather broad, almost flat, ribbon-like spiral threads alternating in two 
sizes to which the hue growth-lines give a rope-like appearance Angle of 
the body whorl is about 19° 

Comparison to the two-chord aspect of the spire-whorls, the 

present species resembles Conus (leptoconus) hrochhi (Broun)" , the latter 
has, however, wider spire angle, taller spire, wider angle of the body whorl 
and no rope-like decoration on the body whorl 

Occurrence — Middle division of the Upper-Middle Kirthar of Uaki-Dome 
iiorth-we.st of I^ki village ^ 

Family VOLUTIDAJ, Gray 
Genus Voluta, Liiin6, 1768 
Valuta sp indet A 

The two fragmentary specimens show a very low spire and the axial 
ribs of the body whorl, giving rise to prominent spines at the posterior 
margin These specimens show some resemblance to the Alpine V ban- 
corum, Oppenheim,*’ • which however, has a slightly taller spire 

Occurrence — Nari Zone 4 B and 4 A of the hill west of Bagatora 
Railway Station 
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Pamxly CYMATIIDiE 
Genus Sassia, Bellardi, 1871 
Sassta xndxca, Vred var bagalorensts, var nov 
PI XVI, Pig 9 

This variety differs from Vredenburg's species" m having nearly twice 
{te , 22 to 24) as many axial ribs as the species is described to have 
Occurrence — Nan Zone No 2, from hdl west of Bagatora 
Family CASSIDID/E, Adam 
Genus Cassidaria, I<amarck, 1812 
Cassxdarta archtact, Coss and Piss 

1853 Casstdarta cartnala, Lamarck, Descr an /ois gr Num Inde.p 317, 
PI XXXI, Fig 1 

1909 Casstdarta archtact, Coss and Piss , Pal Ind , n s , Vol III, Mem 
No 1, pt 1, p 39, PI IV, Figs 8 and 9 
1928 Casstdarta archtact, Coss and Piss , Pal Ind , » s , Vol X, Mem 
No. 4. p 46 

If the biieciraeas, representing this species, from the Upper Rauikot 
senes, the Lain Limestone and the I.owcr division of the Upper-Middle 
Kfrthar be arranged m senes their spire shows a progressive shortening as 
we come up to the younger formations 

Occurrence —haki Limestone and I,ower division of the Upper-Middle 
Kirthar of Laki Dome, north-west of I,aki village 

Famtly APORRHAID2E, Philippi 
Genus Aporrhais, de Costa, 1778 
Aporrhats laktensts, sp nov 
PI XVI, Fig 6 

The spire is shghtly conoidal and rather short, about two-fifths of the 
total height, coasisting of four or five slightly convex whorls Height of 
the whorls is about two-fifths of their maximum width, situated at the 
anterior margin Spire angle is about 76“ Whorls are decorated with 
thick spiral threads nearly as broad as the intervening spaces 

Poisal ovoid bulge of the body whorl passes anteriorly into an excava- 
tion at the neck At a short distance from the posterior margin a prominent 
keel separates the posterior concave region, carrying thick spiral threads 
Uke tfi 9 »e on the spire-whoris Anteriorly to the keel threads are spacerl 
At abottt twice their width 
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At the narrow aperture the keel is turned suddenly towards the apex 
reaching a little beyond the posterior margin of the third spire whorl, thus 
showing the extent of attachment of its wing 

Following are the dimensions of three of the specimens representing 
this species — 

Total height 63 mm 76 mm 60 mm 

Height of spire . 26 ,, 36 23 ,, 

Height of body whorl 46 ,, 60 ,, 40 ,, 

Maximum width . . 38 ,, 43 ,, 37 ,, 

Comparison —This sjiccics may resemble, at first sight, the Ranikot 
fossil Chenopus dtmorphospira, Cossmann and Pissarro "> But the latter has 
a narrower apical angle of about 43° and taller and fewer spirc-whorls 

Occurrence — I^aki Limestone and I<ower division of the Upper-Middle 
Kirthar of I^aki Dome, north-west of I^aki village 

Family CERlTHIIDiE, Fleming 
Genus Cerithium, Brug 
CerUhtum sp indet A 

The three incomplete specimens have an apical angle of 10° or 17° , 
height of whorls is two-thirds of their width , sutures are situated in shallow 
sulcus Whorls are nearly flat and carry five granular spiral threads, 
sub-equal and sub-cqually spaced, the antenor-most thread becoming a little 
prominent , two of the specimens show a feeble sixth thread near the 
posterior Suture of the later whorls 

Comparison —These specimens resemble Centhum vtvarit, mut alpinum 
from the Pnabonien and Oligocene of the Alps ‘ Better preserved material 
IS, however, necessary to identify these specimens with any known species 

Occurrence —Nan Zone, No 1 and No. 2, from hill west of Bagatora 
Railway .Station 

Genus Bellabdia, Mcyer-Kymer, 1870 
Bellardta coxt, sp nov * 

PI XVI, Fig 4 

1930 Bellardta (?) sp indet. Pal Ind , ns, Vol XV, pt VIII, p. 148, 
PI XVn, Fig 9 

The single available specimen has only three of the spire whorls and 
the body whorl Apical angle is 26° Height of the whorls is about two-fifths 

• Tbif specie* is nsmeil after Mr L. R. Cox who h»d first recorded It from Semxna 
Range. 
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of their maximum width corresponding with the anterior margin WliorU 
are nearly flat ornamented with sixteen axial ribs, ninth narrower than 
the interspaces on the later whorls, but equal to them on the early whorls, 
their number thus remaining constant throughout , nbs become less and 
less significant towards the later w'horls Five spiral striations cross the 
nbs giving nse to feeble elongate nodes Posterior margin is iiiiinedialely 
followed by a circumsutural nbbon formed by a narrow, shallow groove 
crossing the axial nbs 

The convex base is much depressed and carries several spiral threads 
At about 200° from the aperture, there is a conspicuous varix, and another 
on the second spire whorl , the presence of varices on the mteriiicdiate 
portions cannot be ascertained due to hard incrustation 

iJemarAs —This sjjeciuicn is identical with the Samana Range fossil 
descnbed by h R Cox, except the spire angle which is 20° in the latter 
This difference, however, would not separate Samana specimens from the 
present one 

Occurrence —The Nan Zone No 2, from hill behind Ragatora Railway 
Station 

Genua Tymp\notomiis. Adams 
Tympanotomus sub-l<cvia, sp nov 
PI XVI. Fig 8 

The shell is moderately sized, scalanform with apical angle measuring 
22° Whorls are one-third as high as their width, and carry two prominent 
spiral threads ; alternating with these on their anterior side are two threads 
of a little lesser significance, while a still finer thread passes raedianly 
Postenor niaigin of the whorls consists of a broad band twice as broad as 
the prominent threads 

Cermpartson —This species differs from the associated T lavia. Vred « 
by the number, the disposition and the degree of differentiation of the spiral 
threads, as also by its wider apical angle 

Occurrence —TfiCin Zone No 2, from hill behind Bagatora Railway 
Station 

Family TURRITEI,LID^, Gray 
Genus Turritella, Lamarck, 1799 
TumUUa magnasperula. Sacco, var bagatorensts, var nov. 

Pi xvr. Fig 3 

Shell has a fairly steep apical angle Height of the whorls is a little 
more than half their width The sub-vertical anterior part of the whorb 
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cames three (or four) very prominent threads , posteriorly to these Is 
a region of fair width Here due to unfavourable preservation it is difficult 
to observe any ornamentation Region posterior to this carries five or sj< 
spiral threads which are of lesser significance and also mote close-set than 
those of the antcnor region After this a short slope reaches tipto the 
suture , a corresi«uding but wider slope near the anterior margin camel 
two threads sub-equal to those of the posterior region 

Comparison —From T tnagnasperuia sacco var crassonngulala Vred “ 
The present specimens differ in having three or four prominent threads in 
tlie anterior region, wider apical angle, two threads on the anterior slope 
and five or six threads on the posterior region of the whorls 

Occurrence --Nan Zone No 1 and No 4 C, from hill behind Bagatora 
Railway fltatioa 

Tumtella stndtensts, sp nov 

PI XVI, Fig 6 

The shell is fairly stout, with apical angle measuring 20® or 21® Height 
of the whorls is about half the greatest width corresponding with the 
anterior keel situated at one-third the height of the whorl A smaller keel 
passes at about two-thirds the height of the whorl The slopes flanking 
both the keels are feebly convex, except immediately at their bases where 
they are sharply concave a thread passes close to this concavity Both 
the margins have a spiral thread closely following them .Sutures are deeply 
incised The shell gives the general appearance of a Pagoda 

Comparison — This siiccics has a very characteristic appearance, but 
when ornamentation is effaced, it might resemble T. ranikott Vred var. 
leilanensts, Vred.“ from Upper Ramkot beds, the present form, however, 
has a wider apical angle , the region between the two keels slopes posteriorly 
and carnes no threads, while the corresponding region in the Ramkot 
fossil 18 com Bve and cames three spiral threads 

Occurrence —Nan Zone No 1, No. 2 and No 4 B, from hill west of 
Bagatora 

Genus Mesai,ia 
Mesalta Irtcarinota, sp. nov. 

PI XVI, Pig, T. 

The shell is stout, the spiral angle measuring 20®, Whorli ate strongly 
convex, with height about two-thirds of their maximvun width corresponding 
to the median spiral thread. Sutures are deep Whorls carry three promi- 
nent threads almost like keels, equal and equally spaced from suture to 
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future. The concave intervals carry two to four very fine intercalary 
threads. The convex base cames two threads additional to those continued 
from the spire whorls Aperture is sub-circular to oval. 

fomparisoH — This species resembles Mesalia cochUato, (Br ) var 
(roMOCincata, Sacco The latter, however, has its whorls less convex, 
sutures a little shallow, narrower apical angle, and spiral threads more 
numerous and differentiated Mesalta factaia, I/imarck, from the Cardita 
Beaumonti beds,'*'” has its whorls much less convex 

Occuntnee —Nan Zone No 1, No 2 and No t C, from hill west of 
Bagatora 

Family EUSPIRIDA? 

CifMus Ami*uu.ina, I..nmarck. 1821 
Atnptdltna, sp Indet A 

The two fragmental specimen.s representing this speiies have a large 
sub-oblate body whorl, with the greatest convexity nearer tlie iiostcrior 
margin than the anterior extremity As judged from the disposition of the 
more or less flat penultimate whorl, the spire should Vie rather low and 
depressed with wide apical angle Aperture is sub-circular The callus 
” limb ■' 18 not clearly seen 

Comparison —In general aspect these specimens resemble the Pnabonien 
and Bartonian Alpine fossil Natwa {Ampulhna) ptcMt, Herbert and 
Renevier* from which they differ by shorter (?) spire, a smaller sub-angu- 
lated aperture, more depressed whorls and moie inflated body whorl 

Oaurrence.—ifion Zone No 2 and the npiicr division of the Upper- 
Middle Kirthar of the hill west of Bagatora 

Family EPITONIID^ 

Genus Epitonium, Bolton, 1788 
liptlomum maihurt, sp nov • 

PI XVI, Fig 10. 

A single specimen represents this species It has five strongly convex 
whorls, about half as high as their mnxlnuim width situated medianly 
The slightly oblique, acute axial threads are thirty or thirty-two per whorl 
The seven spiral threads, of about the same magmtude, as the axial ones, 
are equaUy sjiaccd from suture to suture, and give rise to minute tubercles 
at points of their intersection with axial threads Fine spiral intercalary 

• This tpeciet is named aher the late Prot K. K Uathar, 
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threads bisect the spiral intervals, which are narrower than the axial ones. 
Sutures are deeply inctsed Spiral angle measures 18® 

Comparison — Scala ^ajensts Vred ** from the Gaj Beds of Kachh differs 
from the present «pecies, m not having the spiral threads , while Scaia 
suh-ttnuilamella, d’Archiac and Haime,*-** from the Gaj Beds of Sind 
has its whorls angulated, a smaller apical angle measuring only 14® and the 
spiral threads very feeble as compared to the prominent and more close-set 
a.sial lamellse. Similar features and a still narrower apical angle excludes 
the Ranikot form Scala \AcnUa) colpophora, Coss and Piss *® from considera- 
tion 

Occurrence —Nan Zone No 4 B, from lull west of Bagatora Railway 
Station 

III General Results from Palaontologxcal Study 
Table II, showing the stratigraphical distnbution of the Gastropod 
species from Ivaki and Bagatora, shows that tweiity-stven species are 
confined exclusively to the Laki and the Kirthar Beds, fifty-mne species 
are restricted to the I/iwer Nan Scries, while ten species are common to the 
upper diVLSioii of the Upper-Middle Kirthar and the Lower Nan Senes 
Of these Ampullosptra (kusptrocrommtum) Owent, d’Archiac and Haime 
and Ampullma, sp indet B, extend from the upjKT division of the Upjier- 
Middle Kirthar upto the Nan Zone No 4 E. and Turhnelia, sp mdet A, 
ranges from the Lakl Limestone upto Natl Zone No 2 But as these three 
sjiecies are represented by ill-preserved casts, they are left here provisionally 
as heterogeneous groups 

As regards the zonal distribution of the Gastropod species in the I<ower 
Nan Senes, the Zone No 2 stands out very prominently by its richness in 
the Gastrojxxl species Out of the fifty-nine species restneted to the I^wer 
Nan Senes, fortv-three are represented here The next richest zone is Zone 
No 4E, containing tw'enty-two sijecies . the Zone No 4 B, with twenty- 
one species comes third Zone No 1 with twenty siiecies and Zone No 4 C 
with thirteen species are moderately ncli in GastrojxKl species, while Zone 
No 3, Zone No 4 A and Zone No 4 D are stnkmgly poor 

Centhium {^Ptychocertthium) a£f perlamellosum, Vred and Trochus (Tectus) 
lucastanus, Bron are confined to Zone No 1 , Zone No 2 has sixteen species 
confined to it while three species ore conunon to Zone No 1 and Zone 
No 2 , seven species from Zone No. 2 are not represented in Zone No 1, 
but arc continued into the upper zones , so that Zone No 2 can be taken 
as a unit sejiarated from Zone No 1 on the one hand and Zone No. 3 on 
the other Now Zone No 3, Zone No, 4 A and Zone No. 4 D do not call 
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for any special treatment due to their conspicuous poverty in Gastropod 
species. The Zone No 4 B out of its twenty-one species lias five species 
exclusively confined to it, while only one species it has ui common with 
Zone No 4 C and three species from it reach up to Zone No 4 K , on the 
other hand, four species are common to Zone No 4 B and Zone No 'I 
Out of the twentv-two species represented in Zone No 4 E seven are 
restricted to it 

From the foregoing discussion it can be concluded that the Lower 
Nan Senes, on the basis of vertical distribution of the Gastropod species, 
can be divided into Zones No 1, No 2, No .3, No 4 A, No 4 B, No 4 C, 
No 4 D and No 4 R 

From Table I, showing the zonal sequence in the I,ower Nan Scries 
os observed in the field on lithological basis, it can be seen that the thick 
vanegated layers of shales and sandy shales constitute a very prominent 
feature in the field, seiiaratmg the three lower zones from the top zone 
(consisting of five sub-zones) The shale beds intervening between the lower 
three zones are less sandv and are not as thick as those underlying zone 
No 4, but are too conspicuous to be overlooked in the field in comparison 
with tlie tlun but highly fossitiferous beds of limestones , on the other band, 
the shale beds intercalated with the five sub-zones, of Zone No 4 are not 
so prominently thick, a-s compared to the fossiliferous limestone beds , and 
yet they cannot be missed in the field 

Thus the zonal sub-division of the lyowei Nan Series as arrived at on 
the ba-sis of the palwontologic'al study of Gastropods is in full agreement 
with the one adopted in the field on the ba.sis of lithology A preliminary 
study of tlic Numinulitcs, Corals and Echinoids also suggests similar results 

As mentioned above, fifty-nine species are restricted to the I,owcr Nan 
.Series, and ten species, it has in common with the upper division of the 
Upper-Middle Kirthar Among the former group, there are thirteen species 
which are new occurrences to the Bagatora area , eight of these sjiecies arc 
known to occur m Miocene beds of Sind,‘*’*« Kuchh,**’ ♦♦ Kathiawar," " 
Baluchistan"’ “ and Burma '• " Thus Miocene affinities had begun to be 

manifest in the Nan faiuia of Bagatora area This would suggest that the 
bnght red to purjile coloured, unfossiliferous, calcareous sandstones succeed- 
ing tlie I.^wer Nari Series at Bagatora* ate very probably the representatives 
of the Gaj .Series 

In conclusion, the autliors take this opjiortunity of expressing their 
indebtedness to Dr A Morley-Davies, lately of the Imperial College of 
Scienoe and Technology, London, for his kmd suggestions and valuable 
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criticwniv Thanks are also due to the Director, Geological Survey of India, 
for kindly lending the necessary literature from time to tinfe and also for 
the access to the type specimens preserved in the Indian Musegm, Calcutta, 


Table I * 

Table slewing the Zonal sequence of the Lower Nan Senes 
as observed tn the Field 


Zcm*. 

Tkloknrw 

Utkologioia ftnd Isunnl obnnoten 

No iE 

111 

UniwD ilinly limenton* hreaking into thin alkhn nob in fUt Eohi 
nuida wd <iiu>trot»<ts , NommulilM ud LuwIUlimwIu ue 
pmient in modonte numberB 

No 4X> 

lit 

Oniyliih brawn iimoilone farawking into imwiUr blnokj Rich In 
Nummtihtea . Qutrapodn, Kobinoida nnd Lunellibnaobr nre not 
very ebundsnt 

ShAlet 

1 to 2 In 

UnfoMlhforuaiis coloured Uown 

No 4 0 

1 ft 3 In 

tireyieh brawn limeetone brenking inlo irregular bkiekc Uodentely 
riob in Nnmn>nUlee and Oaetropode , poor in LameUibranoht 

Shatea 

1 to 2 in 

Unloeeillleroav, oolonred brawn 

No 4B 

lit 3io 

Reddith yellow limestone breaking Into tbin oUtea Rioh in 
Uaetropoda . Ootale, Rebinoide, NiuamuHtM and LanelllbraDohe 
are moderately reprceented 

No 4 A 

1 It 6 in 

Yeliowisb limeetone breaking into thick long elala Ptxtr in 
Oastroiiodei NommuUloa and l.ameUibranoU are represented 
lelrly weU 

Shsba 

43 11. 3 ill 

UnloesiUferoiis. oolonred yellowieb brown and containing gypmm 

BuHly diklM 

9 It 

Vnloeeilileroiu, colonred grey 

No J 

3 It 

Yenowleh brown llrocston^hre^ing^ tato IhiA^^ 



and Cotaie^ fairly reprecented, 

8bsl»> 

as It 

VnlowHireroue, coloured yelloviah and pink 

No 2 

Vin 

Orevish brown bmestone breaking Into thin elabs Eioh in Nummuk 
itee, Gastropode and Corali i Koblnoids and LameDibraaclis are 
pieecut in moderate nnmbm 

SbtlM 

14 It 10 in, 

UnfoisUiferous, oolonred white, red. brown 


31t 

Brownieb and vellowleh Umestono hard, rather oompaot and not 
breaking very eaei|y Biob in Nummnlitee | moderately rioh in 
Gaatnii^ I UmeOibnnolie and Bat EuUnoldi are abo preeent , 
tubee ol Ttrtio an very oommdn, ooonrriiig In aO poMiHe poai- 
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Table II — (Conid ) 
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1 
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1 
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M. 

1 

Si 1 ^ 

1 - ! i 
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Fio 1 Turrienla lakumls, sp nov, from ths midlle ptrl of Upper-Middle Klrthar, near 
Laki , (B H U No G/148) 

Fio 2 Conus vredtnburgi, sp nov, from the middle part of Upper-Middle Kirthar 
uearLaki, (B H U No G/14la) 

Fio 3 Turrdeila magiwpemla, Sacco, vSr bagaloremsts, var nov from Lower Nan 
Zone No l,ncar Bagatora , (B H U No G/7S6) 

Fic 4 Bcllardui coxt.ig nov., from Lower Narl Zone No 2 from Bagatora , (B, H U 
No G/94) 

Flo 5 Aforrhats lakitmts, tp nov , from lower part of the UpperiMiddle KIrtliar near 
Uki , (B H. U No G/1285) 

Fic 6 Turrtlella siudisnsis, sp. nov, from Lower Nari Zone No 2 from Bagatora, 
(B H U No GI77a) 

Fic 7 Mrsalia Irtkarmala, sp nov , from Lower Narl Zone No 2 from Bagatora , 
(B H U No G/78») 

Fic 8 Tympanatomm snb-httns, sp nov , from Lower Narl Zone No 2 from Bagatora j 
(B H U No C;93) 

Fic 9 j'ujjia indico, Vred var bavalormsu, var nov, from Lower Nan Zone No 2 
near Bagatora , (B H U No G/I52) 

Fig 10 E/nToniNm matkuri sp. nov , from I.K>wer Nan Zone No 4 B near Bagatora , 
(B. H U No, G/131) 

Af.B -All Figures are natural size 

Fig 5 is a photograph from a drawing made hiithfully to the Type specimen, 
except that the deUils are shoiwn more clearly than oh the weathered specimen itself. 
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Introdtution 

\VhiI4S engaged in working out the development of some brackish water 
liJhes of Adyar,* I had the opiwrtunity to tnvcbtigate the develoimieiit of 
the cement glands in two Cichlid fishes. Elroplus maculatus and h ^ura- 
lensts Tliese glands have the same function os in the larvw of Ganoids, 
Teleosts. Dipnoids and Anura in whieli similar organs have been discovered 
The developmental origin of these larval organs has been worked out in the 
case of Ganoids, Dipnoids and Amtra In the first group they arise from 
the endoilerm whereas m the latter two, they are of ectodermal origin 
(Kerr, 1919) Though cement glands are known to occur in some tropical 
Teleosts like Etroplus, Plerophyllum, Sarcodaces and Hvperoptsus, no work on 
their origin has been done so far to my knowledge f The jirescnt jiaper 
deals with the cement glands in one of the local forms, Elroplus maculatus 
These structures, found only in the afpiatic larvai of some fishes and 
amphibians, are all purely larval organs primarily concerned with the 
attachment of the larvae to some foreign object to prevent their being swept 
away by currents Except in the case of the larv’oc of Aetpenser, where 
they are transformed into barbels, the cement glanils degenerate and 
disappear in course of time In the case of Elroplus abo tlie glands are 
most active during the earlie.st larval stage and then atrophy as> soon as the 
young fish is capable of swimming about 
Htslortcal 

Gafiotda —It was Agassiz (1879) who first worked on the cement glands 
of flslies when he dealt with the function, degeneration and disajipearance 
of the gland (suctorial disc) in Leptdosteus He did not mention anything 

• S Jonei, "Observitlonionthe Breedin* Habits «nd Development of Certain Brackish 
Water Fishes of Adyst. Madras, ” Proe. Ini Acad. Sci., (B), 1937, 5, No. 6, 
t S Jones, Carr r„ 1937, 5, No 9. 
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as to Its ongin In 1881, Balfour dealing with the same form, considered 
the suctorial papilla: of the gland as epiblastic sensory thickenings and 
later in 1881. Balfour and Parker speak of them as modified cells of the 
mucous layer of the epidermis pouring out a sticky secretion PhelpS (1899) 
as a result of her work on Amia calva said that the gland is endodermal 
m Its oiigin Subsequently, Reighanl and Phelps (1908) gave a detailed 
account of the origin and development of the gland in Amta calva and they 
attributed a similar (endodermal) origin to the giand in Leptdosteus About 
the same time appeared the work of Kycleshymer and Wilson (1908) and 
these authors agreed with regard to the endodermal nature of the glands 
in A tnta calva 

Kerr (1900 and 1907) worked out the elevelopmeiit of the gland in 
Pnlypleru\ scHcifalus (Budgett’s tolIes.'tion) and found it to take its origin 
from tlie emloiknii lie was not at the time aware of the work on dmirt 
calva bv Phelps Kupfter (1893) thought that the cement organs of Acipenser 
slurto was of letodermal origin Sawadsky (1911) basing his work on 
Acipemer ritlhcnus said that the organ m question actually ongmates from 
the ectoderm Thus the endodermal development of the cement glands m 
Ganoids was fiimlly settled 

Dipnoids and Anuta —Among the Dipnoi cement glands are known to 
he present only in Leptdosmn paradoxa and ProtopUrux annretans, where 
they have been found to be of ectodermal origin (Kerr, 1903 and 1919) 
Assheton (1890) and Bhadun (1936) worked out their development m Rana 
temporana and R afghana resfie-clivcly and found them to originate from 
the outer lai'er of ectoderm The difference in these two groups is that in 
the Dninoi the secretorv exlls of the glands develop from the inner layer 
of ectoderm whereas in the Amira they develop from the superficial layer 
of eetodenu 

T eleoxl'y — Cement organs arc known to oe-cut only in a very few tropical 
Telcosts It was first discovered by Bndgett (1901) in the larva? of two 
African fishes, Sarcudaces oda (Charaeinida:) and another which he provi- 
sionally determined as Hyperoptsus bebe (Mormvrida?) Assheton (1907) 
when dealing with the sense organs and raucous canals in the larvae of 
Gymrtarchux mloticus and Helcrohs mluhcus mentions about the presence of 
mucus secreting glands on the head It is possible that they are similar to 
the glands in Hyperoptsus and Sarcodaces though Budgett who examined 
the living specimens did not observe any adhesive organs. Probably they 
arc degenerate They are known in soitie Cichlids like Eiroplus sura/ensti 
(Willey, 1911), F tnacuUUus (Sundara Raj, 1916) and PterophyUum etmeket 
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(Ifieberldnd, 1931) Of these Ciclihds the last one is South American and 
the other two are South Indian forms 

From the literature available it appears no work has liecn done so far 
on the origin of the gland m Teleosls I^itberkind (1931) described the well- 
developed and active gland of the five davs old larva of P etmekei and 
mentions its absence in a 10 days old one But <liie to lack of suflicient 
material he could not work out the origin of the gland 

Cement Organs of Etroplus maculatus — In the case of this fish, as soon 
os It hatches out. the glands can be seen as three pairs of symmetrically 
arranged conical projections each with a depression at the top One jiair 
IS situated at the anterior extremity of the head near the olfactorv organs, 
whereas the other two pairs are found close together dorsal to the eyes 
(Figs 1 and 2) These arc larger than the antciior-most jiair The glands 



FlO. 1. -Newly hatched Urvii. X 22 I. 2 and 3 - Cement organ. 

Fic 2.— Larva 2nd Day, x 22 

Fw, 3.— A group of young larvie re.tiiig at the bottom attached by their mucout 
threat. X & 

secrete mucus tUl the fourth day after which they become inactive and 
gradually atrophy During this short penod the secretion helps to keep 
the larvie m one place under the care of the parents, thus affording protec- 
tion (Fig. 3) 

Ongin and Development —The cells of the gland rudiment gradually 
become distinct in the thirtv-eight hours old embryo The rudiment 
develop* as a thickening of the inner layer of ectoderm (Fig 4) The cells 
are lot% attd conical with the nuclei at their base They soon curve over 
endotiog a space, the gland cavity, roofed over by the thin superficial 
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layer of ectoderm I'lt? 5 is a transverse section of the head passing through 
the middle pair of glands in a fiftv-four liours old embryo 



KiC, < — Section thfougli a gland rmlitnent of a 38 hours old embryo </lr , gland 
rudiment 

Hatching takes place seventy-two hours after fertilization at whieh 
time all the three pairs of glands are active The secretion of the gland 
cells fills the cavity and bursts ojicn the superficial layer of ectoderm which 
gets peeled off Now the cavity wulens This is accompanied bv the 
raising of the sides of the cavity which results in the formation of a deep 
gland cavity ojiening to the outside The superficial layer of ectoderm 
extends up to the edge of the gland enp (Fig 6) No " brush border ” 
of the kind mentioned bv Bhadiin (193ft), lining the gland cells in Rana 
afghana, has been observed 

Several larv* are found anchored to one place by mucous threads 
emanating from the cement glands The parenU have, as has been already 
observed, the curious habit of trans/ernng their broods from place to place 
and each time, the young ones attach themselves once more by mucous 
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threads In the attached condition the larva; remain with the dorsal 
surface of the head touching the substratum with the body held at an 
angle to the ground and the tail vibrating incessantly Wiicn disturbed 
they break off from their moorings and mov'c off in this characteristic 
position trailing a quantity of dirt\ mucus lieliind them They again 
collect together in groups and a fresh attachment is effected 




Fig 6 — Section through the cement organ 1st Day K 380 
Fig 7 „ „ « •• tnd Day X 380. 

Abbreviationa br , Brain , co , Cement Organ , E . eye , j/c . Gland canty 
The glands grow m size (h'lgs 7 and 8) Meanwhile the interspac-e 
between the pairs of glands increases Gradually, they get flattened out and 
the cells become vacuolated The cell walls become indistinct and degene - 
ration sets in The rapidity of the process can be understood by the change 
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tile glands have undergone by the fifth and the sixth day (Fig*. 9 and 10). 
As soon as they shrink in si*e the superficial layer of ectoderm from the 




Fie. 9 „ .. >• •> Sd' ^ 

Fic. 10. „ .. .. .. 6th D»y. 380. 

sides, which at this time gets considerably thickened, grows over the rapidly 
degenerating structures which are soon lost By the seventh day it is hardly 
possible to locate their position 

The structure and position of the cement glands of E surtUensis are 
exactly as in E maculatus Though their origui and development have not 
been worked out it is not likely that there will be any difierence 



Ortgin & Devehpmtni of Cement Glands tn E. maculatus (Bloch) 257 

The following table gives the ongin and fate of the cement organs in 
the vertebrates m which these structures have been studied 


Group j 

Genus 

Origin 

Fate 



jimia 

Budodcruial 

Disappear 

Qanoidef . 


Aetpenetr 


Transfoniiial into 
liarbels 



1 Leptdoslcui 


DegeneraU' 



rolypterus 


DiHajipe.vr 

TeleoBlel . 

Elroplut 

Hctoileriiial 
(Inner layer) 

Disappear 

Dipnoi . 1 

i 

ProtopUrut 

Kclod(‘rmal 
(Inner layer) 

llmapjiear 

1 

1 

J^pidosiren 

” 

” 

Auura 

Rana 

Ect-odermol 
(Outer layer) 

Disappear 


Dtsrusiiott 

The present work has shown that the cement organs of E nuuulalus 
take their origin from the inner layer of ectoderm The condition is similar 
to that in the lung fishes, Protopterns and Leptdoiiren, but diffi rs from the 
cases described in Aiiiira where the glands develop from the snii^rficial layer 
of ectodenn 

In the case of Hyperoptsus bebe and Sarcodaoet odee the two Afncan 
fishes desenbed by Budgett, the former has three pairs of ament glands 
as in Etroplas and the latter a large single metlian one on the dorsal side 
of the head The larvie in both cases hang suspended by mucous threads 
secreted by the cement organs The arrangement and structure of the 
glands in active condition of Plerophyllum are exactly as in Elroplus Both 
behave in a similar manner by resting at the bottom As they belong to 
the same family, Cichlidec, in all probability, the origin of the organs is the 



258 


S. Jones 

The fact that the cement organs are meant solely to help the animals 
to attath thcm«*lves to some object without being earned oft by water 
turteuls, shows why they arc found only m the aquatic larvK of vertebrates 
and not in those of terrestrial ones, where we find all traces of them oimtted 
m their ontogeny Only very rarely do we come across fishes having these 
structures Among the Amphibians the larval Anura generally possess them 
a'liey are c ompktely unrepresented in the Cyclostonies, Elasmobranchs and 
Apoda and absent in their typical form in the Urodela But in the last 
group, many possess two rod-likt structures one on cither side, known as 
balaiKers, the true homology of which is doubtful They have glandular 
tips ami develop as ectoilermal projections from outside the mandibular 
arch and serve as organs of supjiort and attachment (Harrison, 192(1) 

A branch of the hyoidean artcrv supplies these structures and the blood is 
rctiiriiccl to the jugular veins (Maurer, 1888) Goodrich (1930) has suggested 
that the balancers arc homologous to the cement organs of Anura and judg- 
ing from their dcveloi>meut, function and early atrophy, one is disposed to 
accept this view The stalkc-d condition will have to be considered as 
a secondary feature dcvelojied in the course of evolution This does not 
ajijxiar in any way imjirobable when we find the cement organs of larval 
Aitpenser getting modified into barliels in the adult Also, just as the 
ccnieiit organs degenerate in fishes when the jiectoral fins are develojicd, 
the balancers of Uroddes atrojJiv as soon as the forc-hinbs are sufficiently 
dcvclojasl to siijifiort the head 

The origin of the c-ement organs as endodermal jiouches in the Ganoidoi 
has ltd Kerr (1906) to toinparc them with the pre-mandibnlar head 
cavntics of other vertebrates Reigliard and Phelps (1908) are of opimon 
that these glands are homologous with the anterior gut jxiuthes of Klasmo- 
hranchs, which in turn, have been honiologized with the anterior gut 
jifmcbcs of Aiiijihioxiis, one of which is converted into the ciliated organ 
(Neal, 1898 ami van Wijlie, 1914) It is very doubtful if this vnew could 
l)c acccjited from the fact that in the Teleostei, Dipnoi and Anura these 
organs are of cctoclernial origin, though the condition in Ganoidei is m 
support of it This would mean that the organs have ansen indeiiendently 
in the different grouj» of vertebrates as suggested by Eycleshymer and 
Wilson (1908) who also sujijxirt the suggestion of Balfour with regard to 
the origin of the barbels in Teleosts as seen from the fate of the cement 
organs m Acipenscr As against this view Kerr (1919) is of opimon that 
during ontogeny certain phases in the development of the organs have 
been slurred over or even omitted giving nse to a condition m Dipnoi and 
Anura where the organs were known to take their origin from the ectoderm. 
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But Instances, wherein different or intermediate conditions in origin within 
the same group, which would have gone in favour of this thtor\ , arc lacking 
Still the fact that in Teleostei and Dipnoi, the two intermediate groups of 
vertebrates possessing cement organs, thev are known to originate from the 
timer layer of ectoderm whereas in the more highly evolved Anura the 
secretory cells of the glands are denved from the wperfictal layer ot 
ectoderm, cannot bt without some phylogenetic significance However, 
more work on the cement glands m fishes, especially of Teleosts, is required 
before this and allied questions can be solved in a satisfactoiy wav 


Summary 


1 There are three pairs of eeincnt glands in hlraplus maculahti 
situated on the dorsal side of the head, the anterior-most pair being smaller 
than the postenor two pairs 

2 They produce mucus which help to attach the larva to the bottom 
till it IS capable of independent swimming movement 

3 The gland rudiments first appear whin the cinbrvo is thirty-eight 
hours old as thickenings of the inner layer of the ectoderm 


4 The gland cells soon enclose a cavitv into which the secretion is 
poured and by the time of hatching the outer layer of ectoderm over the 
cavity is lost 

6 The glands grow in size and remain active till the fourth dav after 
which they begin to degenerate They shrink m size, get flattened out and 
the superficial layer of ectoderm grows over tluiii They disapiicar by the 
seventh day 
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KABUL, WITH DESCRIPTIONS OP NEW SPECIES. 

By S a Akhtar 
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Tub pretent paper deals with some Nematode parasites of different animals 
of this place, which the writer has come across diirinR the last few months 
One new species of the Rtmis Ascitrtiiia Pnjardin, one of the genus 

Suhtilura Molin, 18(10, and one of the genus Tachygondnn Wedl, 1862, 
have also been destribed in it 

The wnter exiiresscs his grateful thanks to Ur M B Mirza, Director, 
Zoological laboratories, Muslim University, Aligarh, for kindly going 
through the manuscript Sincere thanks art also doe to Dr B Trashad, 
Director, Zoological Survev of India, for facilities in consulting literature 
and examining ctrtain specimens m the collection of the Indian Museum 
at Calcutta 

/ Ascart!, lumbrtcotdes Linnaeus, 17.18 

Only one male specimen of this species, 218 mm long and about 3 mm 
thick, was obtained from a man 

2 Asoandia raita n sp • 

A pair of the worms of genus Ascaniita Dujardm (1841) was recovered 
from the intestine of a wild pigeon [Columba livta) 

Morphology —Body is white and cuticle with transverse stnations 
Antenor end w with three large and well-defined lips, each bearing two 
cephalic papilla Cervical ate are- present Oesophagus is club-shaped 
and IS without a piostenor bulb 

Male — Transverse stnations o\er the body are 0 016 mm apart 
There is a pre-anal sucker and a few rounded or oval bodies are found m 
front of the sucker within the body cavity There are oblique muscles near the 
sucker, all terminating iii the centre of the sucker Caudal ate are small 
and narrow beginmng in front of the posterior end of the body and reaching 
up to the level of the pre-anal sucker 

* The ip«CK> i> named tfler the writer’* daughter R**i» Khatoon. 
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Fie 1. Atcandtarasto Posterior extremity of m»Ie, Uter&lly 


There are only nine pairs of big taudal papilla: , four pairs of which are 
prc-anal, one adanal, and four pairs are post-anal Spicules are two, 
bubequal and alate There is no gubernaculum Tail ends in a conical 
spine and is slightly incurved 


Measurements — 

I,cngth of the worm • . 20 812 r 

Maximum thickness . . 0 

I<ongtli of lips . . 0 046 

Diameter of head . . • • • ■ 

Length of oesophagus . . . . . . 1 •676 

Diameter of pie-anal sucker (lengthwise) . 0-136 

Distance between prc-anal sucker and cloaca . • 0-200 

I^ength of spicules 1-732 and 1-687 

Jvcngth of tail . . - • ^ 

Female — Transverse stnations over the body are 0 022 mm apart 
Vulva is a little behind the middle of the body Tail is slightly truncate 
at thq level of the cloaca ventrally and then c-ompressed dorso-ventrally ending 
in a blunt point 


Measurements — 

Length of the worm , 
Maximum thickness . 


Length of cervical alte 

Length of oesophagus 

Distance between vulva and posterior end 

Length of tail 

Size of egg . . 


. . 32 076 mm 
.. 1 132 

.. 2 700 


0-180 X 0-167 
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Ascardta razta differs from all its allied speeies in different measure- 
ments. It also differs from A columba (Gmelin, 1790) Travassos, 1913, 
in the diameter of head, distance of body stnations, lengths of tails, diameter 
of pre-anal sucker and in the distance between the pre-anal suLker and the 
cloacal aiierture The new siiecies A razta resembles A stroma (v Lmstow, 
1899) Railliet and Henrv, 1914, in having comparatively small number of 
big caudal papillK , but differs much from it in the length of msophagu-s 
(about 1/13 of the length of the body) which is longer, the length of the tail 
in male (1/46 of the body length) which is shorter, and in the length of the 
tail of female (1/38 of the body length) which is longer Obhque muscles 
of the sucker aie strong and they terminate together in the centre of the 
sucker There are only nine pairs of caudal papillte, four pairs of which are 
pre-anal, one pair adanal (biggest of all the papilhe) and four pairs are 
post-anal Moreover the eggs of A razta are larger than those of all the 
other species of Ascartdta, also larger than the eggs of A stroma, whose 
eggs are exceptionally large m the genus All these are salient cliaractcrs to 
differentiate A razta from all other species of the genus 
3 Subulura kabulonus n sp 

Five specimens (3 males and 2 females) of the genus Subulura Mohn, 
1860, were recovered from the intestine of an orange-billed pheasant 
(TetraogaUus sp ) 

Morphology —The body is yellowish white, cuticle stnated coarsely 
and the anterior portion of the body is curved in both the sexes Anterior 
end of the body is blunt and lateral alae are present The buccal capsule 
is with chitmous walls and has three teeth at its depth one being dorsal and 
two sub-ventral There is a pharynx at the anterior portion of oesophagus 



z 

Fie. 2. Subniura kabulaiHU. Anterior extremity, literally. 
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Fio 3 SuOnlura kabulaHus Posterior extremity of m»lc, laterally 
Fio 4 >■ » female, laterally 

Ftc. 5 „ „ E«*s 

whuh ts somewhat thicker Oesophagus is club-shaiied, jointed to a pos- 
terior bulb by a narrow portion The bulb is subglobular 
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Male — The posterior portion of the male is curved and is with a 
terminal spine Small caiidol ala? as well .is fire-anal sticker arc jircsent The 
sutktr is with a ehitmous run !.iirroiiiidcd by strong oblufuc mnscles The 
interior of sucker is soinewh.it deep and its siirfaie is with lint longitudinal 
striatioiL® The spicules are equal, curved, nlate and line-poinltd Cuberna- 
ciilum IS long and there are ten pairs of t.iudal p-qulla.' , thru of which are 
prc-anal, two adanal and five pairs are po«l-aiial 
Measurements — 

Length of the worm . ,11 .'>87 mm h .Vt3 inm 

Maxiiiuiin thickness <> tlS ,, 0 150 

Diameter of hearl 0 090 ,, 0 067 ,, 

lyength of buccal capsule 0 008 ,, 

Width of buccal capsule at post end 0 011 

Height of teeth • 0 018 ,, 

Length of oesophagus with bulb I lf>i 1 170 ,, 

Dianuter of pre-bulbular swelling of oeso- 
phagus b I"!*! .1 ^ >> 

Length of the bulb 0 Tfi ,, 0 205 ,, 

Diameter of the bulb . 0 225 ,, 0 215 ,, 

Length of pre-anal sutker 0 210 ,, 0 202 ,, 

Distance between pre-anal sucker and tlo.ual 

aperture ■l-W .. 0 ^^2 ,, 

I,.ength of spicules I 550 ,, 1 408 ,, 

Width of siiicule b <>56 „ 

Length of gubernaculum 0 135 ,, 

Length of tad 0 ^5® .. ® 283 

Female The tail of fciuale is compressed dorso-ventrallv and is bluntly 

spear-shaped Vulva is a little in front of middle of the bod.v at about 
4/5 of the length Eggs are with fiill> -formed embryo and sub-globular 
Measurements — 

Length of the worm 1® 583 mm 1 9 407 mm 

lyCngth of buccal capsule 0 0G3 ,, 

Width of buccal capsule at post end 0 036 „ 

Height of teeth . , 0 016 ,, 

Length of oesophagus with bulb 1 237 „ 1 609 „ 

Width of pre-bulbular swelling of oesoplnigus 0 202 ,, 

Length of the bulb ® 326 ,, 

Distance of vulva from anterior end 7 448 ,, 8 212 „ 

Length of tail . 1 195 - 1 .. 

Width of caudal spear-shaiied portion 0 225 

Size of eirgs . . 0 063 — 0 072 x 0 046 - O' 058 mm. 
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Subulura kabulanus, discovered by the writer, difiers from all other 
species of the genus in its measurements and structure Through the 
kindness of Dr B Prashad, the writer could examine two or three species 
of Subulura . particularly S qaUoperJicts Baylis and Dnubney, 1922, in which 
obhque muscles are not so strong and the margin of the sucker is not well- 
defined S kabulanus appears to resemble, to some extent m its general 
form and structure ns well as in the number of caudal papillas, 5 andersoni 
(Cobbold, 1876) Railliet and Henry, 1914, but differs markedly from it in 
Its measurements, showing its spicules to be longer, gubemaculum smaller, 
sucker longer, oesophagus smaller and the ilistance between the prc-anal sucker 
and doacal apperture being less than in the named species Above all, 
S kabulanus possesses a chitinous rim of the sucker of quite peculiar shape, 
appearing to be made up of upright bars jilaccd side by side These charac- 
ters are sufficient to differentiate it from all other allied species and in this 
connection it is suggested that the presence or al^sciice of chitinous rim of 
pre-anal sucker be added to the generic characters of Subulura 
4 T achygonclrta microstoma Drasche, 1884 
Two mile spaciinens of this species were obtained from the ctccum of 
a tortoise {Testudo sp ) The specimens were, however, found to differ from 
the published account of the species in the following respect — 
Maximum thickness . 0 240 min 

Length of spicule . 0 102 ,, 

Length of tail • • 0 220 „ 

5 Tachygonetna snflalocervix n sp 

Worms of the genus Tachygonetna Wedl, 1862, were recovered from 
the ciEcum of a tortoise (Testudo tbera) 

Morphology — Small worms, mouth surrounded by six inconspicuous 
lips and head bearing four big cephalic papillae Cervical cuticle is inflated 
symmetrically, forming a projecting cuticidar collar, covering four or five 
annuhe m the middle of the collar Cuticle of the body is coarsely striated, 
sometimes except on the dorsal surface and tlie tail, where the stnations 
are fine Vestibule is short and without any chitinous armature Oeso- 
phagus IS cylindrical and long with a posterior bulb contaimng a valvular 
apparatus Excretory aperture is behind the bulb Intestine is simple 
and without diverticulum Lateral flanges are absent. 

Male — The body is obliquely truncate ventrally at the level of the cloaca 
There is only one spicule and that is acicular Gubemaculum present 
Tail or the posterior portion of the body is coiled and is with narrow alse. 
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Via 6 Tachyaontlrtatnfialoctrxtx Anterior extremity 
Fio ^ „ „ Posterior extremity of female, laterally 

Fw 8. „ male laterally 

Fio 9 „ „ Anterior extremity of male 

Tail IS conical and fine-pointed, bearing three pairs of ix-ncloacal papillre— 
one pair of pre-anal, one pair latero-ventral and one pair of adanal papillie 
In addition to these there ls a pair of vohmiinous papillae on the middle of 


the tad 

Meaeuremenli — 

I,ength of the worm ... 2 844 mm 

Maximum thickness . 0 187 ,, 

Diameter of mouth . . 0 225 ,, 

Length of vestibule . .. O' 009 ,, 

Diameter of cervical collar 0 033 ,, 

Length of oesophagus with bulb . 0 603 „ 

Length of spicule . O-llT 

Length of gubemaetdura 0 031 ,, 

Length of tail . • 0'072 
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Female —Cervical collar is well-develoiied and fully-distouded covering 
up to twelve annute, often another collar develot<s behind the former 
Vulva is behind the middle of the body and the tail is conical, long and 
tapenng to a iioint Uteri are two, eggs large, minieroiis and ellipsoidal and 
are segmented at de|)osition 


Measurements — 

length of worm 2 970 mm 

Thickness 0-260 ' 

Uiamctcr of mouth 0 040 ,, 

Diameter of collar 0 119 ,, 

Deiigth of vestibule 0 027 ,, 

Nervous ring lielnncl the mouth 0 2*14 ,, 

Dength of cesophagus with bulb 0 900 ,, 

Vulva from jxisterior end J 427 ,, 

Length of tail 0 !W6 ,, 

,*?ize of eggs 0 076 — 0 184 X 0 081 


4 905 mm 
0 382 „ 

0 202 ,, 


1 170 mm 

2 430 „ 
0 617 „ 
0 090 „ 


Tachygonetna tnflaiocervtx, discovered bv the writer, differs from all 
species of J aihygonefna m its measurements, it also differs in the shape of 
Its head Cervical collar, which is not well devcloiied in males, is fully 
distendeel in females and is often followed by another collar of the same 
type It only resembles T nuaostoma (Drasche, 1884) and 1 unctnata 
(Drasche, 1884), in having a conical tail, bearing a pair of voluminous 
papillae, but differs markedly from them m the shape and sire of tail, parti- 
cularlv in female and also in the ixjsition of the last jiair of voluminous 
papilla', which is situated on the middle of the tail of male, instead of on 
the posterior third These characters are sufficient to create a new sjacies 
and in this connection it is suggested that " a i>air of volununous jiapillje 
on the middle or posterior third of the tad" be added to the generic 
characters of Tachygonetrta 


6 Ckaberha ovtna Radliet and Henry, 1909 
Five specimens of this siacies were obtained from the intestine of a 
7 Ostertagta marshaUi Ransom, 1907 
Many siieciniens were obtained from abomasum of a sheep 


8 Ostertagta (rtcuspts Marotcl, 1910 
The species was onginally desenbed by Marotel in 1910, from I,yons 
in France After that probably the species has not been reported, as yet, 
from any part of the world It w interesting to record its occurrence for 
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the first time m Asia After dissecting a large number of intestines of sheep, 
many worms of this species were recovered from one case only These 
worms are yellowish brown In colour and the cuticle is finely stnated 
transversely There are twenty-four longitudinal ridges oicr the body The 
cuticle of the anterior end is dilated and the buccal cavitv is \erv sm.dl 



Fic 10 Oslerlagia Irtcusptt Posterior extremity of male, showing telamon 

Fic II „ „ Spicules 

Fig 12 „ „ Posterior extremity of female, laterally 

Male —The iire-bursal papillae are present and there is no accessory 
piece The spicules are eijual and are divided into three m the iiostenor 
fifth of their lengths The median proccsss is blunt at the tip while others 
are pointed There is a pentagonal structure (telamon) at cloaca. 
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Measurements — 

Lengtii of the worm . 
Diameter of head 
Length of oesophagus 
Length of spicules 


10- 240 a 
0 018 
0.819 
0. 2S2 


Fewa/i! —Vulva is situated at about posterior fifth of the body and 
is with a flap on the antenor margin Tail is digitiforni with fine transverse 
lines a little m front of the tip Five small papillee-like dots appear to be 
on the tip of the tail 
Measurements — 

I<engtli of the worm . .IB 390 mm 

Diameter of head • 9 922 

I,ength of oesophagus . • 0 922 

Vulva from [xistenor end 3 240 

Length of flap . . .0 286 

Length of tail O-SIB 

Size of eggs . 0 166 x 0.076 

9 Parabronema sp 


Only one female of this parasite was found m the beginning of the small 
intestine of a sheep The anterior extremity is provided with dorsal and 



FiO. 13. Panbrentma ip. Anterior extremity. 
Fio. 14. „ Poeterior extremity 
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ventral cuticular shields and is ornamented with six horse shoe-shaped 
cordons , lateral flanges are alisent The buccal capsule is long and its 
posterior portion is cylindrical without annular or spiral thicktiiiiigs and 
the oesophagus is also without any swelling The tail is short, bluntly 
conical and dorsally curved Anterior jiart of the body is reddi-h brown and 
the remaining portion yellowish brown Excretory ai>crture is near the 
beginning of the oesophagus, and the vulva is behind the oesophagus 


Measurements — 

I,ength of the worm -0 rttni 

I/cngth of buccal capsule 0 17f) ,, 

I,cngth of oesojihagus 2 .340 ,, 

Distance of excretory pore from anterior tnd 0 220 ,, 

Distance of vulva from anterior end ^ 200 ,, 

Distance of vulva from posterior end of oesophagus . 4 Cfl6 ,, 

I,ength of tail 0 180 ,, 


From the above description the specimen appears to belong to the 
species Parabronema skrjabtm Rasovska, 1924, but as it differs from 
P skrjabtm in the position of its vulva and as the male is wanting its correct 
specific determination is hardly ixivsible 

10 Polymorphus boschadts Schrank, 1788 
Two specimens of this spcvies were found in the intestine of a wild 
duck {Anas sp ) 

Type-specimens of the new species as well as of certain others have bt-en 
deposited in the Museum of the Zoological Eaboratorics. Muslim University, 
Aligarh , Ascartdta razta under No 93B , Subulura kabulanus under No 93C , 
and Tachygonelrta tnflaiocervtx under No 937 
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The di'-covcrv of the first genus of this family »as ongiiiall 5 ' made by 
Bilhare m 1861 when he recovered some worms from the mesenteric veins 
of a native of Cairo This was reported by Bilharz in 1852 who named 
It Distomum heemalobium Later this genus was reported bv other 
workers under difierent names, I'/z , Cwyneecophorus Diesing, 1868, Utlharrta 
Cobbold, 18.69, rArrowweMoquin-Tandon, 1800 The name '' Distomum" 
for this blood-fluke was a misnonier and was replaced bv bchniosoma by 
Weinland in 1868, and although later workers tried to immortalize the 
name of Bilharz, the discoverer of this blood-fluke, by naming it after him, 
the name had to be gncii up in view of priority of Schstosoma 

I/joss. (1899) created the family Schistosomidse for the genus 
Schtiio^oma Weinland (1858) and added the second genus Btlharztella 
to the fimily which was described earlier by Kowalewski (1895) under the 
name of Btlharzta polontca Odliner (1910) described GtganloMharzia 
and later (1012) added -mother genus Orntthohilheifzxa Johnston 
(1917) reported the genus Amtrobilharzta from Australia Three years 
later Skrjabm and Zakharow (1920) removed an earlier form Btlharztella 
puloerulenta Braun, 1901, to their new genus Dendrtlobtlharzta In 
the same year they recorded another new genus Tnchobtlharzia Tanabe 
(192.3) created the genus Schtslosomaltum for his expeninentallv obtained 
forms in white rats and mice Travassos (1923) added the genus Macro- 
btlharzta to the faitulv The latest woik on the family is that of Price 
(1929) whore lie recognizes .ill these forms, except Macrobtlharzta of 
Travassos w-hich he regards as a synonym of Orntlhobilharzta, and 
creates three new genera Mtcrobtlharxut, Helerobtlkartta and Paraschtiio- 
somahttm He also divides the family iichistosomidee into two sub- 
families, SchistosominflE and Bilharzielhnie Subsequently (1931) the 
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same author in a brief note revives the genus MaceoMharzta and sup- 
presses one of his newly created genera. I’li , Paraschtstosomaltum as a 
synonym of Macrolnlharzia The f.imilv .Seliistosonudie is of recent 
occurrence in India Montgomery (1900) described Sihislnsnma tndica, 
from mammals Christophers and .Stephens (lOO.'i) distovtred an egg of 
Schtstotoma sptndahs in the unne of a Madrasi The larval stages have 
been recorded by .Soparkar (1921) and Sewell (1922) laijier (1923) 
mentions that several cases of infection oeeurred iii the neighbourhood 
of H>derabad after the return of itifecb d troops froiiiKgvpt 

l-'rom birds, however, the family has liecn very rceenth reported in 
India The earliest case, so far as the writer is aware, is from Kangoon 
when Gogatc (1934) obtained two immature male s])eeimens of blood-flukes 
from wild ducks Although he has mitlier given diagrams nor adeipiate 
description of his forms, he tentatively refers them as Ormthobtlhanta sp 
under the subfamilv .Sehistosomime The writer, in the course of his 
investigations, has also come aerovs two cases of blood-fluke infection in 
birds These forms, wliieh are being descrilied m the pieseiit commum- 
cation, come under the subfamily BilharzielliniE Price, 1929, but owing 
to certain peculiar characters presented bv them necessitate the cinendnient 
of the subfamily diagnosis 

Suhjamtly Btlharziellino! Price, 1929, emended 
SchistosonndK Suckers present or absent Cynacophonc canal 
absent or imperfectly formed or sometimes well developed Paired intes- 
tinal cjeca short, uniting cephalad of the middle of the Imdy , common 
c®cum long, with or without lateral elendntie brunches Testes numerous 
and situated behind the eiecal union along the course of the common 
CECcum Uterus short, containing a single egg 

I'ype genus — Btlharztella Uexiss, 1899 
Chinhuta indtca N G N Sp 

A verv large number, exceeding 200, of specimens of this s]ieeios were 
obtained from the mam blood vessels and internal organs of the common 
teal, Nettion crecca The bird which was captured at the Chinhut I.nke, 
about 8 nuhs from Uucknow, was kept under observation but died next 
moriuiig The post-mortem examination revealed a verv heavy infection with 
Chinhuta There were signs of lesion formation in h\ cr, kidney and even lungs 
The animals were inactive showing little movement when liberat- 
ed m salt solution They apiieared white in colour and were sticking 
fast to the tissues by their powerful ventral sucker which is a cup-shaped 
structure with slightly iiedunculatcd base 
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Male— It IS a long, tliin animal with blunt anterior end and 
tapering iiostenor end The length of the specimen is 2 96 mm and the 
maximum breadth which is a little behind the ciecal union is -STS mm 
The lateral edges of the liody are rolled inwards to form a deep gynarcc- 
phonc groove which extends right from the hinder end of the oral sucker 
up to the posterior end 



T»xr Fic 1 Chinhu(a mdica male-Uteral view showing the Gyn*cophoric groove. 

The circular oral sucker lies vcntrally and h rather weakly developed 
It measures • 1 ram m diameter The ventral sucker, which Ls muscular 
and very powerful, is larger than the oral sucker and measures ID mm 
m diameter and lies at a tlistance of 5 mm from the anterior end 

The mouth leads into a long thin oesophagus which measures •376 mm 
There is no pharynx m these forms There are a large number of umcellu- 
lar glands surrounding the base of the oesophagus and they appear to be 
arranged in a graiie-bunch manner It is rather difficult to surmise the exact 
nature of these glands but probably thev may be producing some secre- 
tions which prevent the clotting of blood on which these parasites feed 
The oesophagus divides into two intestinal cseca at its posterior end 
]ust in front of the ventral sucker There 1# a small csecal projection directed 
forwards just at the intestinal bifurcation which probably is a representative 
of the H-shaped csecal bifurcation seen m some other blood-flukes. The two 
intestinal cseca run dorsal to the ventral sucker and after a brief course 
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join together in the pre-equatonal region to form a common csecum at a 
distance of •626 mm behind the ventral sucker and 1 276mm from the 
anterior end The common csecum which w longer than the separate 
intestinal cseca runs behind m a zigzag manner ending blindly at a dis- 
tance of about 1 nun from the ixwtenor end The common caecum shows 
thickenings of its walls at various places which also become sharjily jxnuted 



T*xt FiO 2. Chtvhuta tndica male- Ventral view ihowing general anatomy 
Taxt FtO. 3. Clrrua lac showing bilobed vesicula seminalis, prostate cells and pars 
prostatlca-ventral view 

The testes, which vary between 70-80 in number, he on the two sides 
of the common csecum, beginning just behind the csecal union and ending 
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a little m front of the csecal end Thij ate oval bodies of variable size, 
the largest measuring • 126 mm X 04 mm and the smallest measunng 
05 iiini X 025 Him The vesieitla semiiiahs is a 
loljed «^tructure, situated behind the ventral 
sucker It consists of a large oval lobe measunng 
117 mm X 0875 mm and a small lob<>, irregular 
m shape measuring 087 mm X 07 mm and 
joined b> a very narrow constnction in the middle 
The smaller lobe of the vesitnla sominabs is 
enclosed -within the cirrus sac which is a long 
cylindrical body containing the ejaculatorv duct, 
jiars prostatica and a large number of prostate 
gland-cells The terminal end of the cirrus sac 
IS bent and opens at the genital jxire on the left 
side of the median line just in tront of the level of 
the caeeal union A small S shaped diu t leads from 
the vesieula sennnahs to open into an elliptical 
pars prostatiea m<>asiinng 1 mm in length A 
small duet terminating in the cirrus anses from 
the pars prostatica, takes a bent course and 
opens out at the genital jjore 

Female— the female is much smaller m size 
than the male It measures 1 8 mm in length 
and has a maximum broadtli of about 19 mm 
behind the ovary in the level of the vltellaria 
The body is Oat and narrower towards the two 
ends It does not show any inroUing of its lateral 
edges The' oral sucker is ventral and measures 
04 mm in diameter The ventral sucker is 
strongly develojitfl as m the case of the male and 
measures 075 mm in diameter 

The mouth leads into a long cesophagus which 
measures '220 mm and is surrounded at its base 
by the unicellular oesophageal glands It bifur- 
CAmAii/a cates into the two intestinal ta;ca at its jxistenor 
nirfico female-ventral view end, about 075 mm in front of the ventral sucker 
•how mg general anatomy. intestinal rieca run for a short distance 

and unite to form a common ctecum at the level of the anterior end 
of the ovary at a distance of -25 mm from the ventral sucker and about 
.676 mm from the anterior end The common coecum foUows a zigzag 
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couise behind, shows peculiar thickenings of its wall and ends at a distance 
of *06 mm from the posterior end 

The ovarj' is an elongated sinuous body, broader antcnorly and 
tapering posteriorly It lies at a distance of 27 mm behind the ventral 
sucker and measures • 165 mm in length and -06 mm in maximum breadth 
The oviduct arises from the right side of the broad antenor end of the ovary 
and after a sharp curve enters the ootyjie The ootvpe is surrounded by small 
unicellular shell-glands The short straight uterus arises as a broad tube 
m front of the botype and ends at the genital iiore, 04 min behind the 
ventral sucker No eggs were found in the uterus 

The vitellana consist of distinct and large follicles which extend right 
behind the ovary to the postenor end They he on the two sides of the 
common c«cum and iwur their yolk b> narrow ducts into a large U-shaped 
vitelline reservoir which lies at the level of the ovary and leads by a thin 
duct to open into the botype 

To sum up, the genus Chtnhula is charactensed thus — 

Male with a well-developed gvnsecophonc canal, extending from a 
little behind the oral sucker up to the postenor end , female with flattened 
body and smaller than the male .Suckers present Oesophagus provided 
with uiucelhUar oesophageal glands The two intestinal c«ca unite a little 
in front of the middle of body , common caxuin long, without lateral 
branches but provided with angular thickenings of its wall Testes vary 
between 70-80 in number and extend from the cKCal union to the postenor 
end of the animal Cirnis jicuch well developed, enclosing a part of vesi- 
cula seminalis, prostate gland-cells, pars prostatica and the cirrus The 
terminal end of the cirrus sac is shghity bent to the left side The male 
genital pore lies slightly to the left of the median line near the middle of 
the body The ovary is elongated and sinuous, situated at the level of the 
c®cal union Uterus short and straight The female genital opening is a little 
behind the acetabuliun Vitellana situated on the sides of the common 
CKcnm, m distinct folUcks A vitelline rescnmir is present 
Tyjie species — ChifthtUa indtea 

Remarks —The new genus differs from the members of the subfamily 
BilharMcllime in having an extremely well-<leveloped gynsecophonc canal 
in which feature it stands near the subfamily .Schistosommie But it 
differs from the subfamily Schistosominnc in having cephalad union of the 
intestinal «Eca and testes behind the caecal union, features in which it closely 
resembles the subfamily Bilharziellinse The genus, in fact, forms a con- 
necting link between the two subfamilies. The nearest ally of the new 
M • 
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genus IS the genus Btlharztella with which it shows several features of 
resemblance It differs, however, from the genus Bilhaniella in having an 
extremely well-developed gyntecophonc canal, in the possession of the 
oesophageal glands, bent terminal end of the ciriiis sac and in the position 
of the female genital opening It is, therefore, considered necessary to 
create a new genus which Is designated ChtnhuUi owing to its recovery 
from a bird caught at the lake, Chmhut 

GigantoMharzta tgreta N .Sp 

Only one male sijecimcn of this parasite was oblainetl from the renal 
vein of the cattle egret, Bulbulcus tbts coroman/ius The worm was quite 
inactive and white in colour when liberated in normal salt solution 
It is a long thread-like, thin worm and is somewhat fragile 1'he length 



T»xt Fio 5, GiganloMharita egrtia malt— Ventral view of {a) Anterior end showing 
intestine and cirrus sac and <fr) Posterior end showing the termination of 
intestinal cBcum 


Tixt Fio. 6. G. tgrtla, middle of the body showing the relation of testes with intestine 
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of tlxo specimen, obtained by the writer, is 38 85 mm of which about 
S3 ‘8 mm is occupied by the testes It is broadest in the middle where it 
measures 275 inm The body tapers gradually towards the anterior end , 
posteriorly also it taiiers but widens again to end in a dilated end blunt 
posterior end There Is no trace of an oral or a ventral sucker The 
gynsecophonc canal is also absent The mouth begins in a shallow depres- 
sion and IS continued behind into a long (esophagus 1 2 min in sue The 
intestinal cieca arise from the posterior end of the oe-.ophagus and run for 
a very short distance to meet to form the common intestinal caecum The 
ceecal umon takes jilace at a distance of about 4 mm behind the ciecal 
bifurcation The common caecum extends m a zigzag manner to almoipt 
up to the dilated iiostenor end of the annual 

The exceedingly large nunilier of testes, more than 600, are round or oval 
bodies and he on the two sides of the common cax-ura They var\ in size, the 
largest measures ■15mni x 1 min and the smallest 075 mm x 05 mm. 
The vesicula semmahs lies m the sjiace enclosed by the bifur- 
cation and re-unlon of intestinal coxa It is a sinuous structure, about 
•2 mm m size and ends in a small papilla on which is situated the genital 
aperture which lies at a distance of 175 mm from the crfscal union and 
•226 nun from the csecal bifurcation The writer has not been able to 
observe clearly a cirrus sac m this species which probably is present 

Remarks— So far only two sjiecies of the genus have been described, 
G acotylea by Odhner (1910) from Sweden and C monaenlylea by Szidat 
(1930) from East Prussia The present form, of which the writer has 
obtained a male specimen, differs from Ixith the existing siiecies in several 
imiiortant characters It differs from G (uolylea in the absence of a gyu*co- 
phonc canal, m having its genital opetuiig slightly dextral and in possessing 
a comparatively much longer oesophagus From G monacotylea, it differs 
in the absence of an oral sucker, in the position of the genital jiore, in nuith 
smaller vesicula scmmalis and In having a much longer oesophagus It is 
therefore, designated as a new species for which the name Gigantobilharzia 
egreta is proiioseol 

Remarks on the Family SchistoMmidcr 
The family .Sclustosomidoe contains 11 genera and these have been 
grouped into two subfamiUes by Pnee (1929) The subfamily Schisto- 
sominae is distinguished from the other subfamily Bilharzlelhnse on the 
basis of a weU-developed gyntecophoric canal and re-uiuon of the intestinal 
cttca behind the middle of the body The discovery of the new genus 
Chinhuta, with an extremely well-devcloiied gynacophonc canal and 
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ce[.halad union of the intestinal cteca, is very interesting as it appears tp 
form a connecting link between the two existing subfamilies The differ- 
ence between these subfamiUes. therefore, narrows down to only one 
character, wi , the level of the re-union of the intestinal cteca This 
naturally creates a doubt as to the validity of the subfamily division- under 
the famil> 

Another interesting feature of systematic value is the occurrence of the 
cirrus sac which has been described in some species of the family Unfortu- 
nately, the writer could not have an access to all the literature on the 
subject but feels that a re-study of some of the forms is neerled Species 
have been described under the same genus in which a cirrus sac is either 
present or absent It is rather strange to find this discount on the value 
of the cirrus sac, which has been regarded as a subfamily character in various 
cases The writer, therefore, urges for a revision of the genera and species 
of the family Schistosomidse in order to remove the prevailing confusion 
and thereby to place the group on a sound basis 

The writer wishes to record here his sincere thanks to Dr G b Thapar 
for his valuable criticism and suggestions during the course of this work 
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ItUrodwlton 

The study of the bratkish-water fauna of India dates from the time of 
Stoliczka, and ever since he published his interesting paper in 1869. 
nvmierous isolated accounts of the fauna of the Gangetic Delta, dealing 
with iiarticular grouiis or species of animals, have appeared from time to 
time Faunislic and ecologieal studies pertaining to definite brackish- water 
regions were not, however, made until Annandale commenced, m 1907, 
his series of contributions on the fauna of the brackish ponds of Port Canning 
in Lower Bengal This was followed by the biological survey of the Chilka 
Lake, under the leadership of Annandale and Kemp (1916) The various 
groups of animals collected from this lake were worked out by siieciahsts 
in different parts of the world, these reports (1916-1922) have formed an 
excellent ground-work for further studies on Indian brackish-water fauna 
The results of similar surveys of TaUh Sap m Siam, Tai Hu in China, and 
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Ivake Biwa iu Japan, were published in the succeeding vears, in Annandale’s 
Zoological Results of a Tour m the Far East (1916-1925) In recent 
years, considerable data have accumulated on the euryhahne fauna of the 
Oangetic delta mainly by the contributions of Annandale, Kemp, Sewell, 
and other officers of the Zoological Survey of India An investigation of 
the brackish-water areas near the city of Madras was thought desirable as 
no attempt has been made to advance our knowledge of the brackish-water 
animals of South India beyond the references in the Chilka Lake reports. 
Apart from this asfiect, the local animals which could be examined first- 
hand are so little known in many of the educational centres in India that 
lioth the student and the teacher are often handuapiied owing to the fiaucity 
of familiar local sjiecies illustrating several biological phenomena , hence 
this work was planned with the hope that it niav benefit College students 
in general Comparatively little is known of the bionomics of the brackish- 
water tyjies of animals, and since the place chosen was suited for close and 
constant investigation, an intensive ecological study was made extending 
over a period of three years As will be seen from the following account, 
a fairly rich and specialized fauna exists at Adyar, shownng interesting 
peculiarities both in mode of life and life-history 

Material and Methods 

The account of the fauna given here is based upon a number of collec- 
tions from the Adyar backwater, Adyar River, and the brackish-water 
localities of the Coouni, made within the course of three years, dating from 
November 1933 A few collections made previous to this have also been 
utilized, but these do not include any siiecies that we have not taken sub- 
sequently During the early part of the survey, » e , for about a year, 
the Adyar backwater and the nver were visited about thnee a month on 
an average, and regular shore and plankton collections were made The 
backwater and the river were less frequently visited during the next year, 
but special attention was devoted to the upper reaches of the river and the 
pools of brackish-water near the Boat Club Observations were also made 
on the fauna of the small islands m the river near the Elphinstone Bridge, 
and the brackish tracts of the Cooum Field observations during the third 
year have confirmed the previous years’ results 

The shallow nature of the backwater and the nver was of considerable 
advantage in that no elaborate equipment was necessary for conducting 
this study Shore coUections were made by us regularly duniig our visits 
For examining the fauna of the mud, the most useful instrument was a 
large shovel with which mud could be levered up without causing much 
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disturbance to the organisms Mud taken m this manner from the back- 
water, salt pools, river, etc . was carefully examined in the laboratory and 
the organwms picked up The tow-net was used to collect the free- 
swimming invertebrates, small fish and larvae The collection also includes 
siieciniens obtained by dredging from the deeper parts of the river 

For the collection of fish, prawns and the larger species of swimming 
crabs, we have entirely depended uiion the implements used by the fishermen 
of the locality These were closely meshed nets of various sizes and shapes 
Fishing IS usually clone in the mornings Catches obtained by the fishermen 
from the river and the backwater were regularl> jiurchased until representa- 
tives of most of the species were obtained Afterwards, their catches were 
only examined on the field 

The hydrographical readings given were kindly taken by Dr M K. 
Siibramaniam. based on analyses of water-samples from the Adyar 
River near the bar We have taken a number of temperature records on 
subsequent occasions, which have clearly illustrated the wide range of 
variation that is likely to occur from place to place, and also the extent of 
diurnal variations 

The species have been worked out by us. and in many cases the identi- 
fications have been checked with the help of the collections of the Madras 
Government Miisctim Dr S L Hora has kindly identified for us four 
species of Gobies , Dr H S Rao, three Gastropods , and Dr F H Gravely, 
one spider We wish to thank all of them for their valuable help 
Descnptton of the A tea 

The brackish-waters of the city of Madras (hat 13'4' , Long 80.17'E) 
include the backwater at Adyar, and the mouth of the Adyar Rivet which 
IS in close association with the former To this may be added those portions 
of the Cooum River and the Buckingham Canal, which arc either in communi- 
cation with the sea or with the Adyar backwater or nver The present 
study IS mainly basc-d on aiumals collected from the backwater and the 
nver-raouth where the fauna is fairly rich and characteristic A number of 
collections have also been made from the bar where the River Cooum opens 
into the sea This account is also applicable to the other brackish- water 
regions of the Cooum and the Buckingham "Canal ai the macroscopic fauna 
of these localities consists only of a few of the resistant species that are 
observed at Adyar 

The Chmgleput or the Adyar River opens into the sea five miles south 
of Fort St Cieorge The northern side of the river leads into the backwater 
which is a shallow sheet of water about one square mik m area, lying between 
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San Thome and Adyar, On the east, the backwater closely borders 
the sand bank that separates it from the seashore, while its northern and 
western portions extend into shallow mud-flats, which are covered by 
water only during high tide, and are more or less jiermanently dry during 
the hot months of the year, March to July There is no sharp separation 
between the backwater and the nver-mouth proper as the former is 
something like a bay on the northern bank of the river , from the faumstic 



TEXT-FlO 1 


point of view, the {lortion of the river from the Rlplmistone Bndgc up to 
the bar, nearly a mile in length and about quarter to half a mile in width, 
along with the backwater forms a typical brackish-wuter zone As the 
river is very shallow lower down the bridge, a few island formations occur 
in the middle of its course 

The peculiarity of the place is brought about by the fact that the 
Adyar River is not in communication with the sea throughout the j'ear 
As the source of the water-supply for the river is the comparatively low 
rainfaU of the Chmgleput District (about 49 inches per annum), it is full 
only during the North-East Monsoon period (October to December) when 
there is good flow of fresh water into the sea, and the nver-mouth is fairly 
deep and brood dunng the flood season This condition exists only (or a 
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penod of about two months. As the strength of the current gradually 
weakens, tidal eflects are markedly felt and the rapid flow of water is very 
much inhibited The jiresence of the backwater w of much significance in 
that It allows a good admixture of sea water and freshwater The«e condi- 
tions change with the advent of summer The nver becomes gradually 
reduced to a languid line of water with practically no flow By about the end 
of January, the fringes of the backwater get dned up, leaving some of the mud- 
flats exixised The immediate effect is an increased flow of water from the 
sea into the nver and the backwater , but this is soon retarded bv the 
action of breakers, which raise up a sand bank at the mouth of the river on a 
line with the shore Thus the connection of the river and the backwater with 
the sea is intermittent during February , but it is completely cut off by the 
end of March The sand bank, or the bar as it is called, widens out m latter 
months, reaching a maximum width of about three-quarters of a furlong 
The bar is prominent until the next rainy season when the river-current 
is again strong enough to force its way into the sea The tunes of opening 
and closing of the bar may be considered as approximately occurring be- 
tween October and November, and between February and April respectivelv 
The Cooum Rtver is only a tidal creek (similar to the Matla River of 
Lower Bengal) which has a tortuous course in the city of Madras It is 
practically dry during the summer months At the monsoon time, a good 
amount of ram water collects in the river A temporary connection is now 
established with the sea, about half a mile south of Fort .St George, where 
the nver crosses the Buckingham Canal Soon after the monsoon, however, 
a fiar is raised, but this is quite low and allows the inflow of small quanti- 
ties of sea-water ditnng high tide The ixirtion of the Buckingham Canal 
with which we are concerned m this paper is that between the Adyar and 
the Cooum, from the jxiint wh«e it cuts the former near the Adyar Boat 
Club four miles up the nver, to the point where it crosses the Cooum near 
the Napier Bndge to the south of Fort St George 

Geologically, the whole locality is built by the sea stragghng over a 
large area of the sandy soil characteristic of the greater part of the Coro- 
mandel Coast The soil of the adjoimng areas consists of a mixture of sand 
and red loam The nature of the soil is such that m the wet weather, many 
temporary pools of water are formed , this Is enhanced by the presence of 
tidal creeks like the Cooum In the formation of the backwater, the sand- 
latlen current of the coast coming from the south and grazing the shore in 
a northerly direction towards the head of the Bay of Bengal, roust have 
played a prominent part since it has caused the sea to recede, and has 
directed the water and silt of the sluggish river in the direction of the 
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backwater A number of marine and estuarine shells in a sub-fossil or 
fossil state have been recorded from the Ad>ar locality by Oldham (1893) 

The bottom of the river as well as of the backwater is of a muddy con- 
sistency, but the sandy element m the soil becomes pronounced as we 
approach the sea Excepting on the eastern border, the whole of the back- 
water-edge is muddy, comiioscd of thick brown mud mixed with black clay, 
the latter predominating m its northern sides where the bed is almost eom- 
plettly comixised of line, loose clay In the river-bed, the clay is less 
marked, but the soil is comiwsed of sand and mud mixed m more or less 
equal proportions The boulders of the Elphinstone Bridge and the small 
bridge near the Adyar Cemeten, and the stonv embankment near the 
Theosophie'ol Society’s Quarters on the southern bank of the river are the 
only hard substrata in this braekisli-water tract, giving shelter to typical 
rock-dwelhng species 

The Depth —The chief difference between the river and the backwater 
lies in their respective depths Nowhere in the backwater is the maximum 
depth more than 4 feet during low tide, except during floods Two distinct 
soncs may be observed in the backwater a middle rone that ne\er dries 
up even in the hottest months and extends from the bar up to the small 
bridge m a curve , and a marginal zone on the fringes of the former, consis- 
ting of mud-flats, winch are completely submerged only during monsoon 
times and are normally left exposed during low tide The relative depths 
of the two zones are such that when the marginal zone is just exjxised, the 
water m the middle zone will be two to four feet deep In contrast with the 
backwater, the nver is considerably dcejier , even during the dry weather, 
a channel, nearly six feet deep, is noticeable near its southern bank up to 
about a mile from the sea This extends right up the river and is navigable 
for small country crafts A similar deep channel is seen on the northern 
bank almost up to the bridge but beyond this up to the Boat Club the river 
merges into a series of mud-flats and small pools of brackish-water These 
pools arc brackish although many of them have no direct communication 
with the nver Their brackish nature is the result of jiercolation of water 
through the raised banks One such pool near the Boat Club is fairly big 
and will be sjiecially referred to later Higher up the river, the pools contain 
only fresh water and are inhabited mainly bv freshwater organisms 

The Tides —The tides are felt only in the months dunng which the bar 
is open their influence is felt up to a distance of about three to four miles 
up the river The maximum tidal effect is a little after the monsoon, from 
about January to the end of February, when the nver-current is feeble 
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The maximum tidal range is about three feet. As has been mentioned 
above, the initial drying up of the backwater during the early summer 
months is followed by an increased flow of water from the sea into the nvei 
and backwater until a bar is formed 

Tht Vegeiatton — The vegetation is rather poor in the river as may be 
expected from the depth and the flow of water . but the backwater is m 
sharp contrast with this, its shallow stagnant situation being particularly 
suited to the luxuriant growth of algse Numerous forms of alg?e 
inhabit the middle rone of the backwater, chief among them are 
Enleromorpha and Chatomorpha Algal beds are best developed during 
the summer months of the year when they occur almost everywhere and 
give shelter to numerous organisms The bottom of the middle aone of 
the backwater and the shallow jiortions of the river is closely covered with 
Polamogelons while marsh plants like Avtcennta and Sueda are quite common 
in the mud-flats and the islands in the river As we proceed higher up. 
freshwater forms like Spxrogyra, CeratophyUum and others may be found 
m large numbers 

The knvtronment 

The sahmty, temperature, pH, chlorine and excess base values are 
given in the dCcompan>ing table, from a set of readings taken m 1933 
These readings refer to the conditions near the bar As may be exiiected 
from the nature of the locality, the sahmty of the water m the backwater 
and the river is liable to great vanation, being not only different m different 
times of the year, but also varying in different places at the same time. 
The salinity is highest from January to March when the rams have practi- 
tally ceased but the bar remains open— a period during whuh the maximum 


Tablb I 

Hydrographical Readings Averages for 1933 
Adyar River Water, near Bar 
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flaw of sea-water into the backwater takes place At the bar the salinity 
of the water was 28-17 . 30-44 , and 29 92 per mille in the months of 
January. February and March respectively The corresponding figures 
for April, May and June were 17 29, 19 74 , and 1« 91 respectively 

The greatest variations in salinity occur when the bar is closed since the 
occasional showers during June-July bring down considerable quantities 
of freshwater, effecting a notable reduction m sahnity On the other 
hand, intense heat of the summer results in an increase in salinity of the 
backwater, especially of the jiools in the marginal rone, since the volume 
of water is very much lowered owing to drought 

In the absence of any large river ojiening into the sea in the vicinity 
of the citv of Madras, the salinity of the coastal waters here is much higher 
than the records for the upper limits of the Bay of Bengal According to 
Sewell’s charts, the maxima and minima arc 34 .50 (June-August) and 
32 00 (Septembcr-Noveniber) per mille respectively (Sewell, 1929) 
This is in sharp contrast to what occurs at the head of the Bay, where the 
surface salinity may be solowas21 00 jier mille, owing tothc large volume of 
freshwater brought down by the Ganges and the Brahmaputra The change 
from marine to brackish-water conditions is gradual in the Gangetic 
Delta, while it is rather abrupt at Adyar 

Temperature -~T)x^ maximum and minimum records of temperature 
of the water are 33 80 and 26 00 degrees Centigrade respectively The 
temperature is the lowest during the rainy season when the bar is open, 
and is highest during the summer months Mav and Juno From January 
to March, the temperature of the water is slightly higher than that of the 
air, while m the succeeding months of April, May and June it is below the 
air temperature As in the case of salinity, the temperature is also subject 
to a great amount of fluctuation In the backwater, there is often dif- 
ference between the reading.s for the nuddle and marginal zones, and the 
surrounding pools. The deeper central zone has a more uniform tempera- 
ture than the other regions The exiiosod mud-flats with numerous pools 
show the greatest amount of vanation as they are quickly heated up by 
sunlight The following readings of surface temperature taken at 12 Noon 
on a bright sunny day in the month of October (1-10-1934) are illustrative — 
Temperature of the sea-water 
Temperature of the water at bar 
Middle zone 
Marginal zone 

Temperature of an isolated pool. 


27° 70 C 
28°.OOC 
29° 20 C 
32°-OOC 
33°.80C 
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The maximum difference noted between morning (8 am) and afternoon 
(2-3 pm) temperatures is 3 6“ during the month of June 

The pH values normally vary between 8 and 9 As will be seen 
from the table, the highest values ate observetl during the months Jvme 
and July. 

I tit of Animals Collected from the Brackuh-waters of Madras. 

The following list docs not include the Protozoa and the Rotifera since 
we have not made anv special study of them Only the comraone.st species 
of the Copepods obtained are listed The other groups are fairly exhaustive 
Those species which have been recorded by other authors, but which we 
have not been able to obtain, are mentioned separately The latest nomen- 
clature has been followed as far as possible 
Phylum Portfera 

Spongtlla s]i 

Phylum CceUnterala 

Class Hydroioa 

Dtcyclocoryne filamentata (Annandale) Medusic onlv 
Campanidtna ceylonensts (Browne) Medusre only 
(Phortii ceylonensts of certain authors ) 

Campanularta {Clylta) noltformts McCrady Hydroid only, 

Laomedea (Odelta) sptnulosa Bale Hydroid only 
Class Scyphozoa 

Acromttus flagdlatus (Hreckel) The species is probably the same 
as A rabanchatu Annandale {vide Rao, H S , 1931) 

Class A nthozoa 
Order Ac/tntana 
Sub-tribe Athenana 

Phyioctttes gangettcus Annandale 
Phylocoetenpsis ramunnu Panikkar 
Stephensonactis ornata Panikkar 
Pelocoeles exul Annandale. 

Sub-tribe Bolocerotdarta 
Bolocerachs gopalat Panikkar 
Bunodeopsts sp (not B strumosa) 

Sub-tribe Aconitena 
Atpiastomorpha sp 

Phylum Platyhelmtnthes 


Order Acala 

Convoluta sp. ? 
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Phylum NemerUa 

Order Heterouemerimx 

A species belonging to this order i*. common in the pools of brackish- 
water all through the year 

Phylum Nemaihelmtnlhes 

Class Nematoda 

Family OucholarntJa 

Oncholatmus sp Common free living Neniatotie The species i^ 
different from O tndicus and O chilkansts 
Phylum Annelida 

Order Polychteta 
Family Henonida 

Anci^trosylhS conslneta bout hern 
Family Neretda 
Lycastis tndtea Southern 
Nereis glandicincta Southern 
Nereis chtlkeensts Southern 
Family Eumetda 

Diopaira variabths i^uthem (Fauvcl, 1932, considers the species 
as being synonemous with D neapohlana 
Marphysa gravelyi Southern 
Lumbriconereis polydesma Southern 
Lumbrtconerets sp 
Family Nepkthydidis 
Nephthys polybranchia Southern 
Family A rictido! 

Scoloplos sp 

Scolecolepts sp Probable S indtca Fauvel 
Family Spiontda 

Polydora ciliata Johnston 

Polydora kempi Southern . 

Pnonospto cimfera Wiren 
Family Capitellida, 

Heteromastus stmtlts Southern 
Capitella sp 
Family Sabellida 
Laoitome tndtea Southern 
PotamtUa lepiocheela Southern 
Family Serpulida 

Hydrotdes norve^a Gunnerus. 
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Order OUgocIjiaia 

Family Mega^colecidte 

PofUodrtlui htrmudensts Beddard 

Phylum Potytoa 

Order Cltnosiomata 
Family Vesirulartda 
Bowerhankta caudala Hincki 

Phylum Arthropoda 

C'la«s Crustacea 
Order Copepoda 

Oiilv tlie toiiiraoneit sjx-ettb are noted 
Acarlta smthtcelh Sewell 
Pseudodtaplomus annandalit Sewell 
Order Cirnpedta 

Divi'ion Operculata Faniih Dalamdcr 
Dalanus amphUrtte Darwin 
Order Schttopoda 
Mystdacea Family Mystda 

Hhopuinphlhalmus egregtus Hansen 
Mesopodopsti ortcnlalts (Tattcrsal) 

Order Amphipoda 
Amphipoda Cenuina Gamtnanna 

Grandidterella megnea (Giles) 

GratuUdtenlla gtUst Chilton ^ 

Paracalltope fluvuttths (C M Thomson) 

Order Tanmdacea 

Apseudes sp not A chUkansis 
Older Isopoda 
Isnpoda Genutna 

Family Ctrolantdee 

Cifolaita sp probably C pleonaslica Stebbing 
Family Spharomtdee 

Spharoma vaslalor Sjicnce Bate (S terebrans of certain authors ) 
Family Cymothotdif 

Cymothoa tndtea Sehiodte and Meinert The species is parasitic in 
the month and gill chambers of Elroplus maculatus, E suralensts 
and Glossogobius gturts (Panikkar and Aiyar. 1937) 

Family Ltgitda. 

Ltgta exoltca Roux. 

Order Decapoda 
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Hecapoda Naiantui 
Trthe Candea. 

Family Palamontda 
Penchtnenes ttidtca Kemp 
Pmchmenes demant Kemp 
Leander sp, 

Palantonetes hornelh Kemp 
PalamoH lamarrei Milne-Edwards. 

Family Alphetdee 

Alpheus malabartcus Fabncius 
Alpheus paludtcola Kemp 
Alpheus sp A rapax ? 

Tnbe Penatdea 
Family Pencetda 
Penaus cartnalus Dana 
Penaus tndteus Milne-Edwards 
Penaopsis monoceros (Fabntius) 

Decapoda Reptantta 
Tnbe Oxystomata 
Family Calappxda 
Maiuia victor (Fabricius) 

Tribe Brachygnatha 
Family Ocypodtda 
Ocypoda cordunana Desmareht 
Ocypoda macrocera Milnc-Edwards 
Vea (Gclasimus) annulipes (Eatreille) 

Uca (Gelastmus) tnangulans (A Milne-E<lwards) The species is 
recorded by Henderson We have not obtained it so far. 
Metaplax dtsHneta (Milne-Edwards) 

Family Grapstda 

Varuna Utterata (Fabricius) 

Sesarma telragonum (Fabncius) 

Sesarma quadratum (Fabntius) 

Grapsus maculatus Catesby (Syn G grapsus ) 

Metasesarma rousseauxn H Mibie-Edwards 
Family Poriuntdts 

Scylla serrata (Forskal) 

Nepiunus pdagKUs (Linnaeus) 

Neptunus sangmnolentus (Herbst). 
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Tnbe Pagurulea 
Family Pagundee 

Chbananus obvaceous Henderson 
Clxbananus padavensts De Man 
Dtogenes sp D avarus ? 

Phylum Molluxta 

Class LamelUbranchiata 
l''amily Osireidct 

Oslrea arakanensts Sowcrby The species is s> no 
sensis and O vtrgtnxca of Preston and 
Wiuckworth, 1931) 

I'aniily Mytiltdev 
Modiolus stnalula Hanley 
Modiolus undulalus (Dunker) 

Family Arada 
Area granosa (Lmnajus) 

Family Vencrtda 

Mtretnx casta Chemnitz 
Family Cusptdarttda 
( uspidana cochtnensts Preston 

Class Gastropoda 

Family Hydrobnder 
Stenothyra blanfordtana Nevill 
Amnicola {Aloctnma) slenotkytotdes Dolirii 
Family Ctnihuda 
Poiamxdes angulatus (Gniclni) 

Melania tuberculatus (Muller) 

Family Nasstda 

Pygmaonassa orissamsts (Preston) 

Fanuly Aplysiidcs 
Aplysta sp 
Family Hermaida; 

Sttliger gopalai Rao 

Phylum C hordata 

Class Pisces 


Order Tekostet 


Sub-Order Malacoplerygu 
Family Elopsida 

Elops indteus Swainson 
Megalops cypnnoides (Broussonct) 


iviiioiis with 0 madra- 
other authors (r tde 
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Family Chamda 

Chanos chanos (Forskal) 

Family Clupeida 

Engraults purava (Hamilton Buchanan) 

Stolephorus commersonn Facepcdc 
Clupeoides hie (Cnv ct Val ) 

Sub-Order 0 start ophyst 
Family Stlunda 
Plotosus tantus Ham Buth 
Macrones vtitatus (Bloch ) 

Macrones guho (Ham Buch ) 

Macrones kelettus Cnv et Val 
Family C-vprtmda 
Barbus sirphore (Ham Buch ) 

Barbus dorsaUs (Jordan) 

Barbus atnphtbtus {Cm ct Val) The species is not rcprcsi-ntcd in our 
collections, but is mentioned by Raj (1916) 

Sub-Order Haplomt 
Family Cyprinodonltda 
Panchax parvus Raj 
Aplochnlus tnelasitgma McClelaud 
Sub-Order Percesoces 
Family' Scombresoetda 

Uetntramphus hmbatus Cuv ct Val 
Family Mugtltdee 
Mugtl cephalus I,inn 
Mugtl sp 

Family Sphyraintdce 
Sphyraina jello Cuv et Val 
Sub-Order Acanthopterygn 
Family Serrantda 

Serranus sexfasaalus Cuv et Val 
Chanda {Ambassts) ambassts (baiepcdc) 

Chanda (Ambassts) myops Gunther 
Lutjanus johnu (Bloch) 

Therapon jarbua (Forskal) 

Therapon pula Cuvier 
Therapon quadnhneatus (Bloch) 

Family Stllagtntda 
StUago sthama (Forskal) 
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Family Sqmmipxnnes 

Scatopkagus argus (Bloch) 

Family Mulltda 

Upefieus sulphureus Cuv et Val 
Family Gobttda 
Sub-faiuily Gobttna 
Gobius polynema (Bleeker) 

Gobius melanosltda Dav (Not obtained by iis, but mentioned by Day.) 

Gobtus cnntger Cuv et Val 

Glossogobtus giitrts (Hamilton Buchanan) 

CUtwgohtus {Ohgolepts >) acuitptttttts (Cuv et Val ) 

Cienogobius meggtlh Hora and Milker] i. 

Acentrogobius netlh (Day) 

Acentrogobius vmdtpunctatus (Day ) 

Oxyunchthys tenlaculans (Cuv ct Val ) 

Apocrypttckthys sp Not A cantons Day 
BoUophtkalmus boddacrh (Pallas) 

Sub-Family Eleotnna 
Eleotns fusca (Bl and Schn ) 

Sub-family Perwphihalmtnte 
Penopkihalmus kctlrtutn (Pallas.) 

Penopkthalmus pearset Eggert 
Sub-Order Zeorkombx 
Family Botktda 

Pscudorhombus arsms (Hamilton Buchanan) 

Pseudorhombus javantcus (Bleeker) 

Scombnformes 

Family Carangidee 
Caranx ciltarts (Bloch) 

Jugulates 

I'amily Blenntda 

Petroscirtes bhaltacharya Chaudhun 

Scleroparet 

Family Plaiycephaltda 
Platycephalus scaber (Finn ) 

Platycephalus xnsidiator (Porskal) 

Chromxdts 

Family Cschltdet 
Etroplus maculalus (Bloch) 

Etroplus suralensis (Bloch) 

Sub-Order Pleciognatht 
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Sclerodertnt 

Family Tnacanlhtda 

Tnacanthus brevtrostns Temin and Schleg. 

Gymnodontes 

Family Tetrodonhda, 

Teirodon patoca Hamilton Buchanan 
Tetrodon inertnis 'temxtt and Schleg 
Class Reptxlta 

Order Ophtdta 
Natrtx piscator (Schneider) 

Cerberus rhynchops (Schneider) 

Regional Dtslrtbuiton and Range of Fauna 

Apart from the regional survcv of the fauna of Ad>ar that follows, 
the range of distrihiition of nian\ of the species may be mdicatcd here, 
especially of those that show great restriction or variation in occurrence. 
Species that have a wide range of distribution from the bar (even seashore 
m some instances) up to the inner reaches of the river and the backwater 
where the water is almost fresh during low tide are — 

Acromxtus fiagelUttus 
Lycasits tndtea 
Heieromastus smtlts 
Capitella sp 
Modiolus stnatula 
Scylla serrala 
Mesopodopsis orientalts 
Teirodon patoca 

These species have been obtained from collections made from the river 
near the Teachers’ College and the Engineering College Acromttus flagel- 
latus has been observed only during high tide , probably it comes in with 
the rising tide and retreats with the tidal flow, without having the necessity 
to remam in freshwater Others have been collected irrespective of tidal 
influence , Scylla serrata, Mesopodopsts onenlalis, I.ycastis tndtea and the 
CapitelUds can remain m water that is nearly fresh I^rge numbers of 
young ones of Tetrodons and colonies of Modiola were collected from about 
two furlongs east of the Saidajiet Bridge, the latter in clusters of hundreds 
from the stony banks of the stream This was in the month of January, 
103(1, an abnormal year as the rainfall was rather scanty , and the bar was 
about to close even though the rainy season was only just over, Only 
Modiolas, Mesopodopsis and the CapitelUds appear to be able to breed 
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here m the upi)ermost reaches of the brackish-watcr tone among the ammah 
listed previously 

Coming down the river for about a mile and a half from the above 
localitv where the water is almost fresh, the manne eltment in the fauna 
becomes more marked , and near the Adyar Boat Club the conditions 
probably range from ohgohahne to mesohaline environments The fauna 
is not rich in the nver proper, but the adjoining pools that occur on cither 
side harbour a rich fauna The organisms found in these pools will be 
considered separately The ‘ marine ' species that are common in this 
zone of the river arc — 

Phytvccetei gangeUtus 
Lycastts ttidtca 
Lumbrnonnets polydestna 
Lumbncofietus sp 
Marphysu gravelyt 
Penaop!>ts monocetos 
Grandidterella Piegna 

The tvpical brackish- water tract that harbours a rich fauna commences 
from about half a mile lower down, and consists of that part of the river 
near the Elphiiistone Bndge and the backwater The .'iiiimals that are 
found quite close to the bar include only true marine species and are 
obviously forms that cannot survive great decrease in the salinitv of the 
environment 

One iisuall> finds the following animals at or near the bar — 

Glycera sp 
Ocypoda cordtmana 
Ocypoda macrocera 
Matuta vtdor 
Neptunus sangutnolenlus 
Neptunus ptlagKus 
Apylsia sp 

Platycephalus instdiator 

Chbanartus padavensm is also found but its occurrence m this region is not 
due to Its lack of adaptational jjowtr to less saline enviromnents, but only 
to a preference to a sandy bottom The invertebrate animals that are 
common m the seashore just opposite the mouth of the nver and the vicinity 
are — 

Cavernularta malabartca 
Sphenopuz marsvptahs 
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Onuphts eretttita 
Glycera sp 
Donax “^p 
Ltxodomus vitlatus 
LtUormn sp 
Oltvta gibbosa 
Albunea semwsta 
Emmta [Htppa) astaltca 
Phtlyra scahrtscula 
Ocypoda plaiylarsts 
Ocypoda macroctra 

Evceptitvg Ocypoda macroctra, nnm of tlitsc siiecies lias invaded the 
brackxsh-watcr 

The distribution of many of the species is considcrabb influenced In 
the nature of the substratum Siiecics like Polamides cingulatus, Phyto- 
ccetes gangetnus, Phytoccctenpsts ramunttu, Skphensonactxs ornata, Scylla 
serrata, Uca amiidipes, Sesarma quadratum, Stsarma tetragnnum and a few 
others are not found in coinplclelv sandy areas Thev show a definite 
preference to localities where the bottom consists of sand and mud mixed 
mote or less in equal proiiortions However, Sesarma tetragonum, S quadra- 
tum and Uca annubpes are more frequently found in wet nnid-banlcs that 
are not submerged as all of them are of almost terrestrial habits The 
majoritv of Polvchictes are also found in shallow localities of a mixture 
of sand and mud Neptunm pelagtcus. A’ sangmnoUntus, Matuta vtclur, 
Cltbanartus padavensxs, Ocypoda cordmana, O macroctra and Platycephalus 
ittstdialnr are species almost inv'ariably restricted to sand> regions The 
south-western fringe of the backwater is charactensed by soft black clay 
that emits h> drogen sulphide and the fauna here is rather sparse There 
are practically no animals where the elay is thick, but in other regions where 
the sub-stratum is loose Lumbruonerns sp , Marphysa gra,vtlyi and 
Prtonospw ctrrt/era are often common among the Polvchtetcs, and Stenolhyra 
blanfordtarta and Pygmteonassa orissattsts among the Molluscs The 
Buckingham Canal, the Cooum, and the brackish-water ditches adjoining 
them have a poor macroscoiiic fauna as the water in them is much polluted 
The animals that are collected usually from these localities are Sesarma 
quadratum and Lycashs tndtea near the water edge, Marphysa gravelyt, 
Melanotdes tuberculatus and Lumbneonerets sp in the mud Small ditches 
of water near the Cooum bar harbour large numbers of Potamides ctngulalus 
Meiasesarma rousseauxtt is often found crawling amidst the stones near the 
Napier Bridge 
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Btonomtcal Classificaiton of the Fauna 
The backwater aud the river may be drvided accotdjng to the environ- 
mental conditions and the habits of the different species into the following 
groups 

/ Fauna of the Algal Beds— The backwater and the adjoining pools 
harbour a rich algal flora consisting of species of Enlerotnorpha, Chatomorpha, 
GractUana and other forms, while the bottom is often covered with 
dense growths of Potamageton sp The number of animals inhabiting 
the alga: and the leaves of Potamogetoiis is very great and they are here 
collectively designated as the algal-bed fauna As the maximum algal 
growth is during the summer when the bar is closed and the water still, the 
animals inhabiting tlie alga: have corresponding maxima periods in summer 
The following forms have iisiiallv been obtained from the algal beds • — 
Boloceractts gopalat 
Bunedeopsis sp 
Plannrian [Convolula sj) ?) 

Oncholatmus sp 

Bowcrbnnkta caudala 

Nerets glandtctncta 

Modiolus undulatus 

Stenothyra blan/ordtana 

Amntcola {Aloctnma) stenothyroides 

Cusptdaria cochinensts 

Sliltger gopalat 

Grandtdterella megnee 

Grandtdierella gtlest 

Paracalltope ftuvialths 

Of these the species of Amphipods are obtained m large numbers 
all through the year. The Molluscs are usually common only during the 
summer and a few succeeding months The Planartan has been noted only 
in the month of August, and that for a short period None of the other 
species shows any particular dominance during other periods The alg* 
amongst which the animals bve form the footl for many of them 

II Fauna of Rocky Substrata —The animals grouped under this head 
mclude (1) attached forms like Balanus and Laomedea which are found on 
the boulders of bndges, stones on the banks, etc , (2) species that occur in 
water where the bottom is stony , and (3) forms that live on stones on the 
water-edge and are aquatic, amphibious or terrestrial The following are the 
common species • — 
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Spongilla sp 

Campanulana nohfortnts 
Laomtdea spitiulosa 
Atplastomorpha <.p 
Nerets chtlkansis 
AnastrosylUs constncta 
Hydrotdes norvegtca. 

Modiolus striatula 
Ostrea arakanensts 
Balanus amphitriie 
Sesarma quadratutn 
Cltbattanus olivaceous 
Grapsus maculolu-, 

Ligia exotica 
Cirolana sp 

Of these the Sabellid and Hydroids are conitnon only when the bat is open 
Gobotd fishes like Acentrogohius vindtpunclalus, Clenogabtus meggiiU and 
Ghssogobius gtuns, and the Ciclid fish Etroplus maculaius and E suralenw 
are often collected from localities with a stony Ixittom Their eggs are 
found attached to the stones, empty shells, etc The snake Natnx Pivator 
13 fairly common on the southern banks of the river 

II! The Free-SmmmiHg Fauna— The following animals constitute 
the free-swimniing element of the fauna — 

Dtcyclocoryne filamenlata (Modusse) 

Campanultna ceylonensis ( ,, ) 

Acremitus flagellatus 
Mesopodopsis orientalis 
Rhopalophthalmus egregtus 
Pencltmenes tndtea 
Pericbmenes deman i 
Leander sps 
Paleemon lamarru 
Penttus cannatus 
Penaus indteus 
Penaopsts monoceros 
Cope pods 
Fish 

IV Fauna of the Marginal Zone— The animals that inhabit the 
matginal tone of the backwater include numerous species , the majority of 
them are inter-tidal forms found m the mud-flats or the water edge Most 
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of t!>e 9i)ecies are eitlier amphibious or terrestrial, or the species are capable 
of surviving temporary exposure to air They are highly resistant and are 
endowed with great powers of adaptabibtv The following species may be 
noted — 

PhylocceUs gangeticus 
Cltbananus oltvaceow; 

Clihanarius padavenst^ 

Sesarma quadratum 
Sesarma tetragonum 
Melasetarma rousseauxtt 
Mclaplax ditltncta 
Varuna litlerala 
Uca annultpe<i 
Stenothyra blanfordtana 
A mmcola sltnothyrotdes 
Polamules ctngulalus 
Penophihalmm pearset 
Pertophthalmut kcelnuln 
BoUophlhalmus boddarlt 

The species of Chbananus, Srsama quadralutn, Uca aitnultpei, Polamidts 
ctngulaius, the Hvdrobnd Molluscs, and Boltophthalmus boddarlt are the 
commonest siiecies found near the edges of the Adyar backwaters, csjieci- 
allv when the mud-flats are exposed The marginal species found near the 
mouth of the Cooum are Potamtdes ctngulaius, Melanta luberculalus, Metase- 
sarma rousseauxtt, Ocypoda cordtmana, Sesarma quadralum and Uca annu- 
li pes 

V Fauna of the Middle Zone — Passing on to the middle tone of the 
backwater, the following siieties are commonly met with — 

Pelocceles exul 
Marphysa gravelyi 
Dtopatra vanabtlts 
Lumbrtconerets sp 
Heleromaslus sji 
Merelnx casta 
Pygmteonassa ortssansts 
Maiuta victor 
Scylla serrala 

In addition, most of the free swimming species of Crustaceans, and 
fishes are also obtained from the middle tone The anemones PhylocceteoPsis 
ramunmt, Slephensonactis ornata and PhytocaUs gangeticus are found between 
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the marginal and middle zones of the backwater The last mentioned 
species has also been obtained from exposed mud-flats with very little water 
VI The Mud-Burro\mnf> Fauna —Most of the s))e«. les listed above 
under the fauna of the marginal and middle zones are either niiid-burrowing 
in habits or are capable of temiioranlv remaining in the imid The follow- 
ing species are tjpKal borrowers — 

(а) Under water — 

Phyiocates f^angettcus 
Phytocaienpsis ramunnu 
Stephensonaetts ornala 
Pelocoeies exul 
Marphysa gravelyi 

Dtopatra vartabths (also tnbe-dwelhiig) 

Lumbrtennems sj) 

Pnonospio sp 
( apitella s)> 

Hetemnaslus sp 

(б) Outside water — 

Sesarma qttadralum 
Sesarma ietragonum 
Metasesarma rousseauxtt 
Varuna Uiterata 
Uca annulipes 
Ocypoda cordtmana 
Ocypoda macriicera 
Pontodrtlus bermudmsts 

Sitecies that can temporarily remain under the mud in the watei for 
varying periods are — 

Apseudes sp 

Meretnx casta 

Scylla serrata 

Alpheus malabartcus 

A Ipheus paludtcola 

Penaus indteus (Young ones) 

Penaus cannatus (Young ones) 

Penaopsis monoceros 
Leander sp 

Penophthalmm pearset 
Boleophthalmus boddeertt 
Platycephalus scaber 
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The following species creep about near the water-edge 
Cltbananus olivaceous 
CUbananus padavensts 
Potamides cingulalus 
Sienoihyra blanfordtana 
Amntcola stenuthyroides 

VII Species Capable of Aerial Respiration —Uany of the animals 
inhabiting the mud-flats are either amphibious or terrestrial in habits 
Though they belong to groups of animals that are primarily aquatic, they 
are capable of varying degrees of aerial respiration The crabs and the 
Goboid fishes are the most remarkable among them as they show a senes 
of adaptations designed for aerial respiration, and some of the Cnistaceans 
are thoroughly tcrrcstnal and can respire oiih outside water The following 
Slides iiiostK remain outside w'ater — 

C rustacea— 

Grandtdterella rnegntr 
Crandidierella gilest 
Paracelliope fluviatihs 
Ltgta exotica 
Uca annubpes 
Ocypoda cordimana 
Ocypoda macrocera 
Meiapiax disbnUa 
Metasesarma rousseaaxii 
Sesarma quadraium 
Sesarma letragonum 
Grapsus niaculatus 
Varuna lillerata 
CUbananus olivaceous 
Cltbanartus padavensts 

Among these sjiecies, Ocypoda cordimana, 0 macrocera, Grapsus maculatus, 
and Ltgta exotica are almost completely terrestnal 
Fishes — 

Periophthalmus pearset 
Penophthalmus kcelreidn 
Boleophthalmus boddterti 
Other Invertebrates — 

Lycasiis tndtea 
Capitellids 
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Potamtdn anguiaius 
Sienothyra blanfordutna. 

Ammcola stenothyrotdss 

In addition, the following si>ecic8 can survive exposure to air for dif- 
ferent periods varying according to the species — 

Phytocales gangeltcus 
Scylla serrata 
Neplunus sangutnolenlus 
Palamon lamanei 
Peneeopsis monoceros 
Oxyunchthys tcntacularts 
CUnogobtus (phgolepts ?) acuhptnms 
Plalycephalus scaber 

VIII Fauna of Isolated Brachtsh-water Pools —The pools of brackish- 
water m association with the backwater and the riier are of three kinds, 
they are —(1) Small pools on the fringes of the backwater, harbouring 
a rich algal flora diinug the sunimer, and at other times having the same 
environmental conditions as the backwater , (2) Salt i-ools that occur on 
either side of the river up to an extent of about three miles from the river 
mouth , and (3) Pools in which the water is only very slightlv bratkish or 
completely fresh, occurring higher up the nver and contauiing freshwater 
organisms in addition to a few brackish-water species that enjoy a wide 
range of distribution (compare above) 

The first type of jiools contains the following species, excluding the 
alga-inhabiting forms which have been given separately 
Phytocaetes gangeltcus 
Phytocoeteopsis ramunntt 
Campanultna ceylonensis 
Chbanartus olivaceous 
ParacaUtope fluvtatths 
Grandidterella megnoe 
Poiamides nnguUitus 

The temperature fluctuations arc rather high in these pools as has already 
been pointed out, 

The pools belonging to the second category are numerous, but a 
large and typical one is that found near the Adyar Boat Club, the fauna of 
which during the different seasons was studied by us in detail This pool 
is situated m somewhat marshy soil just adjoining the Adyar River on its 
west and the Buckingham Canal to the south , and it is about half a furlong 
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long The pool gets filled up by the November rams, but the level of the 
water gradually falls m the succeeding months The depth of water is about 
2-21 ff during Novembcr-December iienod (this is about the maximum 
depth) , but bj I'ebruary, the depth is only a few inches The ixiols are 
almost without water by about March Owing to percolation of water 
from the river, the water in the pool remains brackish all through the year 
and the fauna is what is characteristic of the brackish-water From 
November to March, the following sjiccics arc obtained from these pools — 
A cromitus flagdlalus 
Phylocmte'i gangeheus 
Lumbrtconereis polydama 
iMtnbrtconereti sp 
I.yca&h^ tfuitca 
Marphysa gravelyt 
Hderomastus stmtlts 
PnoHospto ctmfera ’ 

MesopodopSK onentalts 
Ptncltmenei tndtea 

Palamon lamarrei (Stray individuals only) 

ParacaUiope fluvtaftlts 
Sesarma quadratum 
Sesarma telragonum 
Aplochetlut mdasitgma 
Acenirogobius netlh 
Acenlrvgobius vtndtpunctalus 

By April, the conditions of the pool change very' much since most of 
the aquatic species iierish with the drought The interesting point about 
this pool is tliat unlike the pools in the mud-flats that completely dry up 
during the summer, the bottom remains slightly moist even m the hottest 
months of the year as a result of jic-rcolation of water from the mer Contrary 
to what happens in the mud-flats, the muddy substratum does not become 
cracked up in the usual manner During this period, the pool has 
a certain amount of resemblance to a salt marsh , and as is usual with the 
salt marsh fauna, typical terrestrial species are met with m large numbers 
Numerous insects, among which the one frequently encountered is a For- 
ficulid. and a spider belonging to the genus Olios (Family Sparassidie) and 
protiably to the widely distributed Oriental species Ohos lamarchi (Datreille), 
are quite common in the marshy mud until about the month of October, 
when again the pool gets filled up by the rains, thus giving place to the 
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during the summer, species like Lumbrtcotierets sps , Phytocates gangehcus, 
and the Capitellids do not actually perish during drought, but remain alive 
and inactive in the wet mud 

The pools belonging to the third categorv arc much smaller in area 
and poorer in fatlna than those described before Tht following sjietics 
are noted from them — 

Lycastis tndica 
Lumbrtconerets sp 
Sttnothyra blanfordtana 
Amntcola slenothyrotdes 
I ndoplanorbts exusius 
Melania luberculatus 
Mosquito larva (Cnlex group) 

Chironomid larvce 

In addition to these species, tadpoles and adults of the lomniou 
frog Rana cyanophlyctes Schneider have also been met with in these jiools 
during the rains weather 

Vertical Distribution of Animals 

I Inhabitants of the Mud-flais — The \crtical distribution of the 
inhabitants of the mud-flats is represented in an imaginar>' section passing 
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through a mud-flat The different levels at which the burrowing specie* 
occur are indicated in the figure. All the species marked do not occur in 
any one iiarticular locality The groups of animals that show a distinct 
lonation m the mter-tidal lone are the crabs The Ocypods, 0 cordimana 
and 0 macrocera. are the species that occur farthest from the water-level 
near the bar , m other plates the corresponding species is Sesarma Utragonum, 
which inhabits deep burrows The habits of the Ocypods and those of 
Sesamu arc h\ no means similar , for, while the former mostly remain 
outside the burrows, retiring into them only for safety, the latter rarely 
tome out Gelastmus (Uta) annultpes and Sesarma quadratum inhabit 
burrows above water edge In all the burrowing crabs, the depths of the 
burrows are such that they nm on a lint with the low tide level so that 
there will be a little water in them even during low tide Among the Poly- 
cliECtes, Lycastis tndtea and the Capitellids are often observed above the 
water-kvcl thhanarms padavensts, C olivaceous and Scylla serrata arc 
luter-tidal in habits, but the last mentioned is a swimming form and hence 
cannot be said to have any restricted occurrence 

U Plankton —The following notes on the plankton of the Adyar 
backwaters are based uikmi a number of collections made between November 
1933 and October 1930 An ordinary muslin tow-net was used for making 
collections, which, on the average, were made once a fortnight During the 
August January period w-hen the planktonic organisms are particularly 
noticeable, tow-iietting was done almost every week during the years 1934 
and 1935 On the other hand, the number of collections made during the 
summer months is rather low , and often, the tow-net water yielded nothing. 
Planktonic study not being our mam objective, the observations made here 
are intended only for jiointing out some of the more important features of 
the plankton We have not paid attention to the study of the Protonoa , 
of the Cojiepods, only the commonest species have been noted One great 
difficulty experienced was in tow-netting small pools of brackish-water , 
these pools have been eliiiiinated from the study, but several collection* 
have been made from the large salt pool near the Boat Club There is not 
the least doubt that variations take place from year to year in the consti- 
tuent elements of the plankton in the difl[erent months depending upon the 
changes in the rainy season and their influence on the time of opening and 
closing of the bar. An approximate idea of the nature of the plankton 
during the different months may be gathered from the following summary 
of our records . — 
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November Bar just open 
Acromxtus flagellalus Ephyrsc Common 
Campanuhna ceylonensts Rare 
RhopalopMhaltnus egregtus .Swarms m 1933 
Mesopodopsts ortentahs .Swarms 
Perneus cannalus Post-larval stages Common 
Pefusus indtcus. Post-larval stages Common 
Clupetd larva Common 
Therapon jarbua Young ones 
Acentrogoinus netllt Earval and Post-larval forms 
Aplochetlus rnelasltgma Young and adults 
December Bar ojjen 

Acromtius Jlagellatus Ephyrae Common 
Dtcyclocoryne filamentata Rare. 

Penaus cartnaius Post-larval and young ones Plenty 
Penteus tndteus, Post-larvol and young ones Plenty 
Mesopodopsts ortentahs Common 
PectcUmenes tndtea Rare 

Ctrrtpede naupht (Probably of Balanus amphUrtle ) Common 
Pseudodtaptomus annandalet Common 
OcyPode megalopa {Ocypoda cordtmana ?) 

Tkerapon jarbua Young ones 
Therapon quadnhneatus Young ones 
Clupetd larva (Engraulis and .Slolepliorus ) 

Young mullets 

Aplochetlus melasttgma Post-larval and young ones 
January Bar open 

Acromtius flagellalus. Young ones Plenty 
Campanultna ceylonensts Rare 

Peitaus cartnaius. Post-larval and young ones Common 
Penteus tndteus Post-larval and young ones Common 
Pertcltmenes tndtea Rare 
Pseudodtaptomus annandalet Common 
Post-larval Goboids Common 

Aplochetlus melasltgma Young and adult Common 
Young mullets Rare 
February Bar open, but very narrow 
Campanultna ceylonensts Rare 
Penaus tndteus Young ones Common. 

Penaus cartnaius Young ones Common 
M 
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Young mullets Rare 
Pendtmenes ind\ca Rare 
VdigfT larva: Rare 
Mesopodopsis ottenlalts 

March Bar almost closed , but sea-water may get in during high tide 
Aplochetlus melasltgnta Young ones Common 
Acarha soulhwelh Common 
Penaeids Young ones Rare 
Veliger larva Common 
April Bar closed 

C ampanultna ceylonensis Rare 
Acarha •soulhwellt Plenty 
Pseudodtaptomus anttandalet Rare 
Veliger larx'a Common 
Mesopodopsis ortenialts Rare 
May Bar closed 

Pertchmenes tndua Rare 
Ptetuiodiaptotnus anttandalet Rare 
Veliger larva Plent> 

June Bar closed 

Catnpanultna cey lonensis Common 
Veltger larva Common 
Peridimenes demani Rare 
Pertclmenes indtca Common 
Mesopodopsis ortenialts Common 
Palamonetes hornellt ? Rare 
July Bar closed 

Catnpanultna ceylonensis Common 
Acaelutts planartan (Convoluia syt 1) Rare 
Acartta souikwellt Common 
Pertchtnenes indtca Common 
Mesopodopsis ortenialts Common 
Pseudodtaptomus anttandalet Rare 
Leattder s]) Young ones Common 
A ugust Bar closed 

Catnpanultna ceylonensis Common 
A ccelous planartan I^arge numbers 
Pertcltmenes tndtea Common 
Mesopodopsis ortenialts Common 
Aplochetlus melasltgnta Young ones 
Acenlrogobtus netlh Young ones 
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September Bar closed 

Acromtius fiagellatus Rphyraf 

Campanultna ceylonensts Swarms 
Copepod naupltt Large numbers 
Pseudodtapiomus annandalet Common 
Acartta sotUhwellt Rare 
Acaelous planartan Rare 

Penaopsts monoceros Very young ones Common 
Mesopodop^is ortenlalts Common 
October Bat usually closed, but may oixn during this month 
Acromilus flagellatus Kplivra; Common 
Campanultna ceylonensts Common 
Cojx'pods Numerous (Several si^cics ) 

Mesopodnpsts onentahs Common 
Acenlrogobtus neilli Young ones Common 
Acenlrogohtus vtrtdtPuncCUtus Young ones Coiiimon 
Pertcltmenes tndtea Rare 
Penaopsts monoceros Young ones Common 
General Conclusions on the Fauna 

The list of animals given previoHsl> will clearly illustrate the predomi- 
nantly marine character of the fauna of Advar and the adjoining brackish- 
waters of Madras Of about 92 sjiccies of Invertebrates noted, more than 
eighty siietics belong to groups of animals that are tvpically marine The 
freshwater sijccies which have more or less acclimatised to the brackish- 
water conditions are thus comjiarativelj few here , this constitutes the most 
important differem-e between the fauna of an estuarine brackish-water 
tract and that of a salt marsh In the latter, the animals which are of typi- 
cal freshwater habitat, and terrestrial siiecics that have secondarily taken 
to an aquatic inwle of life are quite niiiiieroiis and show varj’ing degrees 
of adjustment to satiue environments In the Advar fauna, the note- 
worthy groups of freshwater animals which have secondarily taken to 
brackish-water life are the members of the familv Hydrobiidoe among the 
Mollusca and some of the Patamiondiie among the Crustacea 

Among the M sjiecies of fishes, only seven freshwater forms are noted 
The others include several casual or seasonal migrants from the sea, while 
the majority of them are more or less permanent inhabitants of the back- 
water The true brackish-water sjiecies have been caught when the bar 
13 open and when it is closed , and m most of them, the young as well as the 
adult fish have been met with Marine species like Stolephorus commersont. 
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Sphymna jello, Serranus sexfasaatus, Lutjanua sp , Therapon quadnhnealus . 
Thcrapon puta, Uptneits sulphuretts. Scatophagus argus, Caranx cthans. 
Pseudorhombus javantcus, P arsxus and Trtacanihus brevtrostrts have 
obtained only dunng the months when the bar is open and the salinity 
high. The freshwater species are the two Chichds, Etroplus maculalus and 
E suratensts. and Macrones vitiaius, Panckax parvus, Aplochetlus inela- 
sttgina, Barbus sophore and Barbus dorsalis All of these species breed in 
brackish-water 

Breeding Habits 

Many species inhabiting the Adyar backwaters are capable of breeding 
all through the vear, but a period of intense reproductive activity is seen 
in many of the inhabitants This is determined by the extent to which the 
environmental conditions are suitable for the breeding of any particular 
aminal Thus most fish cannot breed when the backwater and the liver 
are partially dried up , nor can the Gastropods with their densely packed 
gelatinous egg masses breed under flooded conditions Rijie sex cells or 
embryos have been observed in the following animals dunng all months 
of the year — 

Pelocates exul 
Phytocaetes gangeitcus 
Phytocasteopsis ramunmi 
Stephen sonactis ornata 
Marphysa gravelyt 
Lycastis indica 
Lumhrtconereis sp 
Dinpatra vartabtlis 
Mesopodopsts orientalis 
Grandidterella megna 
Grandtdierella gtlest 
Paracalhope fluviatilis. 

Clthananus padavensts 
Cltbanarius olivaceous. 

Pot-amides ctngulalus 
Stenolhyra blanfordtana 
Amnicola stenothyroides. 

Sitliger gopalat. 

Meretnx casta. 

Cymethoa tndtea. 

Ctrolana sp. 

Aplochetlus meiasttgma. 
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Panchax parvus. 

Etroplus maculalus 
Etroplus suraiensts 
Acentrogobtus ntilh 
Acenlrogobius virtdipunciatus 

The groups of animals that show great intensity in reproductive acti- 
vity during particular seasons are the crabs. Molluscs and tlie fishes 
Among the Brachyura, only the Grapsoid and Ocypod crabs breed m the 
brackish-waters of Madras Ovigtrous females belonging to different 
siiecies have been collected from December to March The Pagurids are 
perennial spawners Among the Caridea, ovigerotis females of Perichmenes 
tndtea have been obtained only from April to Jiilv Very ^ouug ones of 
Alpheus malabartcus are very common in the backwater during January 
and February, and this stiecies also apiiears to breed under brackisli-wutcr 
conditions Penaus tndteus and P cartnalus do not attain sexual maturity 
in the backivater , but their young ones are noticed in fairly large numbers 
during the months when the bar is open (tomparc plankton records) * In 
contrast with this is another Peiueid, Penaopsts monoceros, which appears 
to breed in the brackish-water as judged by the fact that numerous young 
specimens 16 to 20 mm long are obtainerl in tow-nct collections taken in 
September and October, about six months after the bar is closed 

Most of the fish show* an intense reproductive activity soon after the 
monsoon in Novembei Large numbers of young ones of Acentrogobws 
netllt, A vtrtdtpunctatvs, Gobius sps and MugU sps have been obtained 
in tow-nets during November and December Along with them are found 
larval and post-larval stages of Clupeid fish which are brought into the 
backwater from the sea Young ones of Aplochedus melasUgma are obtained 
during almost all the months of the year, csjiccially a day or tw-o after any 
shower Rains have a remarkable influence over the breeding m most 
fishes Species like Acentrogdsius netllt, A vtndtpunclatus, Etroplus tnacu- 
laius, E suralensts, Panchax parvus, Aplochetlus melashgtna, etc , spawn 
intensively even during the summer months if there be occasional heavy 
rams 

The optimum season for breeding of Molluscs is the summer During 
the months March, April, May, June and Julv, the egg cases of many 
Gastropoda are common m the backwater I,argc numbers of young ones 
of Potamtdes ctngulatus and Merelrtx casta are noticed in July and August. 
SUmothyra blanfordiana, Amntcola sUmothyrotdes and Sitltger gopalat exhibit 

• For habit! of brackiih-water prawnt, tnie panikkar, 1937 b. 
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enormous powers of reproduction , though they breed all through the year, 
thev have penotlical phases of intensive propagation determined by the 
monsoon, salinity and other environmental conditions 

The subject of breeding in the common brackish-watcr species of 
Madras is dealt with in detail m another study by iis t The summary of 
our observations is given below — 

1 Breeding of animals of the bratkish-waters of Madras is not parti- 
cularly confined to any definite part of the year , actively reproducing 
species are met with diiiiiig all seasons 

2 't'he following tyjies of breeding are noted — 

(а) Continuous breeding throughout the year occurring more or less 

uniformly and irrespcetive of seasons 

(б) Continuous breeding with a marked season of higher activity during 

one jiart of the year than the remainder 

(c) Breeding season confined to some definite part of the year 

(rf) Discontinuous breeding occurring all through tlie year, spawning 
often taking place irrcgulaiK , inostlv deteniuned by the rams 
Discussion 

General Considerations — The interesting feature of the fauna of the 
brackish-water is the intimate association of animals of the sea, backwater 
and freshwater for life in a common habitat The animals of marine origin 
constitute the largest numlxr of species as most of them are either present 
in the sea or are represented there by closely related sjiecies The number 
of marine miniials that have invaded the brackish-water is greater in the 
tropics than in temiieratc re-gions Annandale (1922) mentions that the 
aijuatic fauna of Hutope is casih divisible into the freshwater and marine 
faunas , and that with the exception of PalteomoneUs varians in brackish- 
water in North Euro[)e, and Mysts reheta and a few other species of estu- 
arine Molluscs in different parts of Euroiie, the separation of marine and 
freshwater faunas is a constant feature Recent studies of the brackish- 
watcr fauna of Eurojie have shown, however, that this statement of 
Annandale is not altogether correct The contributions of Redeke (1933) on 
the fauna of the Zuider Sea, of Reinane (193i) on the Baltic Sea, of Sick 
(1933) on the brackish ditches of North Germany, and of Brandt, Wundsch 
(1933), Eundbeck (1932), Se-rgestale (1931) and others on the different 
brackish tracts of Eurojie have shown that a fairly large number of character- 
istic marine and euryhaline species exist in Europe inhabiting waters of low 

t *' Observationi on Breeding in Braklah-water Animalt of Madras” By N. Kesava 
Pamkkar and R Gopala Aiyar (Unpublltlied). 
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salinity The conditions in Kngland arc also more or less similar as shown 
by the studies of Allen and Todd (1900 and 1902), Percnal (1929), vStammer 
(1928), Ellis (1932), Robson (1926) and Fraser (1932) on the estuarine fauna, 
of Nicol (1936) on the fauna of the brackish lochs of .Scotland, and of 
I,anibeit (1930) and Nicol (1935) on the animal life of the salt marshes 
adjoining sea coasts or estuaries It is clear from all Ihe'-e jiapcrs that 
a more or less distinct brackish-water fauna is jircsciit in the temperate 
regions as well It must, however, be admitted that as comiiared to the 
tropics, the brackish-watcr spec'ies are fewer in numbers and less in variety 
m the land-locked seas, estuaries, backwaters and salt marshes of the 
temfierate regions As jiointecl out bv several observers, flic pcnetiation of 
a large number of marine animals into waters ot low salinities is a character- 
istic feature of the tropics, and the numbers of sjiccic s inhabiting brackish- 
watcr are so many and representative of almost all the major marine 
invertebrate phyla excejit the Eehmodermata An interesting fact regarding 
the tropical brackish-water fauna is tin occurrence of numerous adajitations 
in the mode of life of animals of marine origin, which serve to facilitate 
their life in these iieciihar environs 

Acclmahsation of Martne Antmals to Fresh and Bracktsh-W aUi s -—It is 
almost universally accepted that the present frcshwatei fauna has been 
derived to a large extent from ancient marine animals Many of them have 
penetrated into freshwater through media of progtessiv elv decreasing salin- 
ity as found at the meeting plac-cs of large volumes of freshwater and sea 
water like the openings of big rivets or backwaters Most of the modern 
brackish-watcr organisms are forms that migrated from the sea into the 
brackish-water at a very recent geological ciioch , often, we find along with 
them, numerous marine sjiccics cajiable of surviving in the brackish-water, 
We find in every tropical backwater, tidal creek, or estuary, an active and 
aggressive attempt on the part of ninny marine species to secure a permanent 
foot-hold cither m the semi-a<iuatic mud-flats and mangrove swamps or m 
the salt marshes with iicculiar environmental conditions of fluetuatiiig 
salinity, temperature and hjdrogen-ion concentration Manj explanations 
have been suggested to explain this peculiar phenomenon of the tropics , 
but as ixiinted out by Annandale (1922) the factors contributing to this 
must necessarily be varied, and it is jicrhaps necessary to study the known 
instances individually before any definite view is taken The conditions 
necessary for the successful colonisation of the brackish-water are many 
and may now be considered 

Sollas (1883 and 1905) in his classical discussion on the origin of fresh- 
water faunas, emphasized the current strength of nvers as the chief obstacle 
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to the progress of marine animals into freshwater He jximted out that an 
animal must either be fixed or strong enough to withstand the current of 
streams if it should establish itself in fresh-water This must be true of the 
larvae as well as the adults, the epiplanktonic ciliated larvae of marine 
Invertebrates being extremely unsuitable for life in a flowing stream 
Hence, only those animals as have got rid of the free-swimming larval 
stages, by an abbreviation of the life-history , were successful in establishing 
in the freshwater The absence of free eggs and laivsB from the freshwater 
plankton is explained by this theory, and the larger --izes of eggs of fresh- 
water animals as compared with their marine relatives is also explained as an 
atteinid at further acquisition of yolk to cope with the curtailment of life- 
history Wlnlc explaining some of the important dillcrences between fresh- 
water and marine animal life, this theory docs not exfilam the difierence 
between the temjx“rnte and tropieal conditions This was attempted much 
carher by von Martens (1868) who emphasized tliat the freshwater environ- 
ment with Its alternative liability to perioils of freezing and desiecation, is 
more severe than that of the sea The difference between the cold and hot 
seasons is very great in the cold countries, while a more even temperature 
conditions prevail in the tropics , hence acclimatisation was easier here than 
in the cold countries where extreme temperature conditions prevail In 
addition to these two explanations, Needham (1930) made the interesting 
suggestion that there is a third factor limiting the jienetration of marine 
animals into freshwater, vtz , that of the inorganic deficiency of the fresh- 
water from the point of view of the larval development of marine animals 
Based on the expenments of Bonchet and Chabry (1889), Herbst (1897), 
Rapkine (1927), Ranzi (1930) and his observations on the phosphate contents 
of developmg eggs, he pointed out that the developing planktonic larvfe of 
marine Invertebrates dtpend upon the inorganic contents of sea-water for 
certain items of nutriment Projicr development and metamorphosis would 
be impossible without the supply of calcium, phosphates, etc , inorganic 
materials not available in fre'-hwater Penetration into freshwater is possi- 
ble only for those marine animals that have so perfected their develop- 
ment as to be independent of the environment for their morgamc requirements 
The three theories summarised above overlooked another important 
aspect of the problem — the question of osmotic regulation of marine animals 
on which attention has been focussed in recent years by the work of Schleiper 
(1929, 1929a, 1930and 1935), Dakin (1908, 1908 «, 1931 and 1936), Schwabe 
(1933), Adolph (1926, 1920 and 1930), and others The most important 
physiological difference between freshwater and marine organisms is that 
in the osmotic pressure relative to the external medium. The body fluids 
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of mftime invertebrates have almost the same osmotic pressure as that of 
the sea-water in which those aiumals live (Schleiptr, 1930) , in many 
fnstances, this pressure is slightly higher than that of the surrounding 
medium as shown by recent investigations (Dakin, 1935) These animals 
allow a free interchange of body fluids with the sea-water, and thangcs in 
salinity of the external medium hence affect the osmotic concentration of 
the body fluids All freshwater and numerous brackish-water animals, as 
also the marine fishes, have developed a jiower of regulation of osmotic 
pressure that kceiw their body fluids in a iiernianent state of hypcrtonicity 
irrespective of the low concentration of the medium that bathes the animal 
When the salt content of the environment is lowered, the higlier osmotic 
pressure of the body fluids of marine invertebrates is not maintaintd owing 
to the passage of water Into the inttrior and loss of salts by diffusion 
This would go on until a state of isotonicity is reached, a condition in which 
the animal may not survive unless a greater concentration of the body 
fluid is maintained by some regulating mechanism Thus the colonisation 
of brackish-water and freshwater is made possible only with the develop- 
ment of osmoregulatory powers as poikilosmoticitv would be fatal in hypo- 
tonic media 

Exact data are not yet available regarding the energy rcrimrements 
for the maintenance of osmoregulatory jKJwers in aquatic animals In 
several cases, however, there is a relationship between the salt content of 
the external medium and the oxygen consumption As shown by Schleitier 
(1931), Beadle (1931), Lowenstein (1935) and others, there is a rise m the 
amount of oxygen eonsumeil when marine animals arc transferred to media 
of lower concentrations , the rise gradually goes on until it reaches a 
maximum and then remains constant at a level above the normal The 
deleterious effects of oxygen tension combined with reduction iii salinits 
of the environment have been clearly demonstrated by Scliwabe (1933) 
for the crab Carctnus mcenas This increase m oxygen renuirenients has a 
great bearing on the problem of sunnval in the brackish-water Integu- 
mental regulation plajs an imijortant rfile in the maintenance of the steady 
state Pantm (1931) has observed that the presence of calcium in the water 
is of considerable advantage to the estuarine Platyhehnmth Gunda ulvts 
in overcoming the adverse effects of salinity fluctuations All these ixiint 
to the conclusion that the factors invoiced in the entry of marine animals 
into brackish-water and freshwater are many and cannot easily be reduced 
to any single theory 

In the light of what has been said above, the relative advantage of the 
tropics for the inward migration of marine orgamsms may be explained a 
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being due to various reasons We consider that the teiniierature factor 
IS of the greatest importance, for, in addition to the relative evenness as 
suggested bv von Martens, the differences between the air, freshwater and 
ocean teinjieratures arc comparatively small in the tropics Not only was 
this advantageous in the successful colonisation of brackish and freshwater, 
but also in the assumption of amphibious and terrestrial modes of life by 
several littoral marine animats (c/ Pearse, 1929 and 19JC) The greater 
rainfall of the tropics and the presence of large rivers bringing down an 
immense amount of fresh water into the sea, have considerably altered the 
coastal salinities of the tropns and this has endowed the tropical marine 
anmials with great jiovvers of adjustment as they are under the constant 
influence of salinity fliutuations .Newell (1934) shows that this lowering of 
salinity at the head of the Bay of Bengal where the Ganges and Brahmajuitra 
open, affects even up to a depth of about fifty fathoms The great change 
in the coastal snlinitv as a conseijuenee of the monsoon in the coasts of Indo- 
China is also mentioned bv Pearse (1932 a) The effects of this prolonged 
acclimatisation of marine animals to frequent changes in salinity would be 
a gradual change in their physiology' from stinohalimsm to eiiryhalinism, 
and from poikilosmoticilv to varying grades of homoiosmotic behaviour, 
de[>ending upon the sjieeies concerned and the exait conditions of the 
environment Only those sjiecies of marine invertebrates which have thus 
resjionded to the innuemcc of the environment by a gradual assumption of 
indei>endence over the osmotic concentration of the environment have 
succeeded in colomsing brackish- waters The inorganic materials washed 
down into tlie sea bv the intense rainfall and the numerous large rivers, 
support a rich Diatom flora which increases the food resources of the eoasts 
and thereby attract numerous marine animals (Sewell, lO.'D) Prom the 
description of the area on which this study is based, it will be ckai that the 
coastal salinity is not lowered to any ajipreciable extent, there being no 
large river in the vieinitv of the city of Madras, and the rainfall being 
comparatively jioor The conditions here would seem to favour the tem- 
perature factor more than anything else, since the brai kwh- water fauna 
IS as representative and predominantly marine as that of the Gangetic 
Delta or of the Chilka Bake 

Inttgumental Adaptations —'Ihz changes attendant upon the migration 
of marine animals into brackish and fresh waters are many, but from the 
point of view of their morphology, the imixirtant among them are the 
integumental adaptation and the strengthemng of the resjaratory system 
by the development of accessory structures to cope with increased oxygen 
requirements Most brackish-water animals have well-developed 
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mucus secreting devices which effectively guard against sudden changes m 
saJinitv by preventing the passage in or out of water for a ..ertam period 
Paul Bert (1871 and 188C) made the interesting discovcrv that eels, which 
were carelessly handled so that the mucus was completely removed, were 
no longer able to withstand sudden changes from fresh-water to sea-water 
and v\ce vina (Dakin, 1935) This has been corroborated by the interesting 
senes of extieriments of Duval (1925) The power of mucus secretion is 
widely prevalent amongst aquatic animals , but it is espcciallj well developed 
in eiiryhaline and brackish-watcr species Mucus-cells iii the body -wall 
arc remarkably developed in the brackisli-watcr llalcanipa< tids of Adjar, 
but they are comparatively lew and insignificant m a related marine species 
(Panikkar, 1938, 1937 and 1937 c) The Polychaetes, LycasUk indtea, 
Dtopatra vanabtlts and certain others occurring heu have also got inutous 
glands on the body-wall which are remarkably developed, while there is 
not a single t'.astropod of Adyar that is not cajiable of copious mucus 
secretion Many species remain enveloiicd in mucus whenever environ- 
mental conditions arc adverse, Muidar to what Duerden (19('C) observed in 
certain corals The prominence and wide-spread occurrence of such external 
secretorv structures in brackish-watcr species, and the way they are brought 
into action when aiiimah are transferred to media of varying salinities, 
would indicate that they are of great advantage to these animals In the 
case of sjicctes that are under the constant danger of being left exijoseci 
for fairly long jienods, the presence of mucus would also undoubtedly 
prevent desiccation 

Respiration — Sev’eral observers have shown that the oxv gen content 
of shallow brackish-waters and salt marshes is low as the temjicrature is 
high in small volumes of water Unfortunately, we have not made studios 
on the oxygen content of the water, but having observed the high thermal 
limits to which the pools of brackish-watcr get heated ui>, and the occurrence 
of decaying matter in the river and backwater, there is reason to believe 
that the oxygen present m the water is low This raises another problem 
of survival of the brackish- water organisms The predominance of the 
amphibious element m the Adyar fauna was emphasized in an earlier 
section , It was shown that the species inhabiting the marginal zone or the 
actual water edge are many and varied, and larger in communities than 
those that inhabit the deep water and rely completely on aquatic respira- 
tion The animals which have developed extensive means of aerial respira- 
tion arc the crabs and fishes The proportion of oxvgen to the total volume 
is much higher in air than in water while the oxvgen content of the air 
iS about 20%, water under normal conditions of temperature holds only 
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8 to 10 c c of oxj’gen pet Utre Wmtetstem (1921) has indicated that ait 
is more favourable for oxygen absorption than water which, in turn, is better 
suited than air for carbon dioxide liberation {cf Carter, 1931) In 
general, the respiratory changes that we find in brackish-water animals 
arc caused by the growth of organs of aeiial respiration, and not the increased 
development of gills for aquatic respiration According to Carter and 
Beadle (1931) the accessory respiratory organs usually develoiied in fishes 
are chiefly organs of oxygen absorption, while the original gills discharge 
the function of carbon dioxide liberation The'e additional structures are 
internal in those animals since they still live in an aquatic medium, in 
shallow water or at the water edge The changes that have taken place 
in animals which became slowly adapted to respire in air are (1) the develop- 
ment of additional structures like arborescent folds, etc. , (2) devices to 
maintain the dampness of the epithelium , and (3) devices to prevent evapo- 
ration of water from the respiratory surface Amongst the Adyar fishes, 
organs for aenal respiration are present in the form of vascularised walls 
of gill chambers, gill septa, etc , in Pmophthalmus kcslreutrt, P pearsa and 
BoUophihalmus boddarti In the last species, the body is covered bv 
numerous minute iiapiUse which have a respiratory function (Harms, 
1929) The Aniphipods of Adyar, though amphibious in habits, do not 
seem to have any special structural modification in their respiratory organs 
The Isopod Ltgia exottca, though de|)cnding completely on aenal respira- 
tion, IS not found far away from the water edge The thinly chitiniicd 
endopodites of pleopods in the aquatic Isopods function as lung in the case 
of terrestrial si^ecics (cf Verhoef, 1919) Bepler (1909) finds that they are 
provided with glands at their bases, the secretion of which keeps them 
moist The air-breathing capaciUes of several Decapods are well known , 
among the crabs, we find a series of adaptations intended for this purpose 
Structural adaptations are absent in Macrurous species, though some forma, 
like Penaopsts monoceros are capable of remaining outside water m a healthy 
condition for fairly long periods The Anomura of Adyar are all amphibious 
and respire partly m air The gills are normal in most Decapods excejit 
in completely terrestnal genera The Graspidse and the Ocypodidse, which 
are cither amphibious or are completely terrestnal, show a common modi- 
fication directed to retaining water in the gill chamber (Carter. 1931). 
The abnormally developed hairs near the opening of the gill chamber m 
Sesarma, Ctirdtsoma and Uca (Gelasmus) (Ortmann, 1901), the spongy 
structures on the walls of the gill chamber m Gecarctnus and Ocypoda 
(Winterstein, 1921), and the peculiar fold at the floor of the gill chamber 
in Uca (Jobert, 1876) are all disigned for this purpose Enlargement of 
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the giU chamber is seen in many brackish-water species like Gecaranus 
(Caiman, 1911), Uca and Cardtosoma and an upiier lung chamber and a 
lower gill chamber are distinct in Gccarctnus (Caiman, 1911 , Carter, 1931) 
Vasculansed epithelial folds that function as acce«sory organs are met with 
in the gill chambers of Gelasttnus {Uca) (Jobert, 1876), Cardtosoma and 
Ocypoda (Zimmer, 1926-27) , and lastly, siietial ajiertures that assist the 
entrance of air are found m the chambers (usually the iwstcrior part) of 
Ocypoda, many Catametopa, and Graspus (Muller, 1863 , Ortmana, 1901) 
All these modifications have not much affected the gills projier , and as a 
rule, the gill chambers are provided with air m the case of air-breathing 
forms, and not water Carter (19J1) suggests that the need for adaptations 
designed to retain water in the gill chamber is probably caused by the 
necessitv to keep the vascular folds damp 

Exposure and Destccalton — We have fotmd from field observations 
as well as experiments with several species, that many of the brackish- 
water Invertebrates of Adyar can survive exposure to air for a longer 
lienod than they can remain in freshwater Exceiilion should, however, 
be made of the species that have a wide range of regional distribution from 
the sea to almost freshwater This fact explains the predominance of the 
amphibious element in the fauna of the brackish-waters of the type 
described here In many terrestrial species life under water is impossible 
even though these spexies may be found onlv in the damj) aoue just above 
the water edge Many of the amphibious forms like Chbanartus padavensts 
and Chbanartus ohvaceous cannot thrive under water for long jieriods 
Tlie result is that these six-cies have to keep moving to and fro so as to 
remain at the water edge when changes in level take place by tidal action 
It would appear from numerous examples that m brae kish-water animals, 
the tendency to become terrestnal is more marked than that to bec-ome 
freshwater inhabitants Our observations are in agreement with the 
suggestion made by Pearse (1929) that the number of animals which liavt* 
reached the land from the littoral marine and from brackish-water is much 
higher than the number of species that have become fluviatile 

The brackish-water areas of the Indian coasts are subject to periodical 
desiccation in the summer , and the problem of survival during the period 
of drought IS another important factor that the brackish-water animals 
have to cope with It is the amphibious and the attached animals which 
are affected by drought For the first group, which consists mostly of 
burrowers, it is difficult to leave their original burrows and migrate down- 
wards , but this IS actually done bv several crabs like Uca anntdipes and 
Setarma fuadratum Species of Chbanartus, OcyPoda cordtmana and ScyUa 
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semUa exhibit what ina> be called migratory movements in response to 
seasonal changes During summer, these species are practically absent 
from the fringes of the backwater, but congregate in large numbers on the 
southern bank of the rivtr Most of the attached forms like Ccmpanulana 
Laomtdta cpinulom, Balanus amphtirUe, Hydrotdes norvegtea 
and Aiptasiomorpha sp jiensh during the summer , but fresh individuals 
settle down everj vear when the bar is open The periodic inactivity or 
lEstivating habit of the two Grapsoid crabs Vatuna lUUrata and Sesarma 
tetragonum has been described by Horn (193.1) , of these, the former is 
extremely rare at Adynr during the summer, but S tetragonum which 
octurs in large numbers m the banks of the backwater and the Cooum, 
behaves in the 'ame manner as in the Gangctic Delta described by Hora 
We may add to this list another species, Sesama quadratum which also 
retires into the burrows during the summer and remains more or less mactive 
It mav also be mentioned here that none of the burrowing crabs has been 
observed to breed during the summer month® The Gastropod Potamtdes 
ctngulatiis IS capable of surviving exposure to air and sunlight for long 
lieriods , and specimens have on several occasions been collected far away 
from the water in an inactive state but which liecome active again on 
removal to water The anemone Phylocaetes gangettcus remains alive in 
the mud outside water for weeks together . the anemones do not perish so 
long as the mud remains a little moist (Panikkar, 1937) Many sedentary- 
brackish-watcr organisms are known to have evolved i)eculiar methods of 
asexual reptoeiuetion. reminding one of the gemmnle formation of the 
freshwater sponges, whereby the survival of the species is ensured , the 
well-known instances are Hydroid Annulella gemmata (Ritclue, 1916), the 
sponge Laxosuberttes tacuitns (Aiinaiidale, 1916 a), and the Polyzoan 
Loxosomatoides lavts (Annandale, 191.'> b and 1922) None of these species 
has so far been observed here . anel perhaps the only instance of active 
• asexual reproduction is that of a sea anemone Bolocerachs gopalat where 
there is a peculiar method of tentacular regeneration (Panikkar, 1937 a) 
This lannot, however, be considered as having any bearing on the habitat 
as similar features have been noticed also in a related marine genus 

Abbrevtaiton of Ltfe-Htsiory —Tho disadvantages of the free-swimnung 
ciliated larvae in the brackish and fresh-waters have already been pointed out 
The changes in reproductive habits consequent ujxm marine animals 
taking to a brackish-water mode of life are interesting as they mvolve 
curtailment of life-history in several of the siiecies, csiiecially the inverte- 
brates This is very well illustrated by the hfe-histoiies of certain brackish- 
water Polycheetes Marphysa gravelyt (Aiyar. 1931) and Dtopatra vanabtlw 
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(Knshnati. 1936) have been studied in detail from Advar , in both the 
species an abbreviateil development has been observed by tlie above authors 
III the first, the eggs arc laid in large gelatinous egg eases anchored to the 
worm-burrows and harbouring thousands of eggs in various stages of develop- 
ment , the oelly serving the three-fold purpose of preventing the larvae 
from being washed into the sea. of protecting them from drought when they 
are exposed during low tide, and of catering nutriment to the large number 
of rapidly developing nectochsets The richly yolk-laden gigantic eggs 
of Dtopatra vartabtlts* metamorphose into the young worms even in the 
tube iteelf. without the intervention of a free swimming larva The 
development of this sjiccies is characterised both by precocity and by 
increased provision of food yolk in the eggs as compared to the other sjiecies 
of the same genus, and the de\ elopniental differences of very closely 
allied species could onlv be explained on the basis of the differences in 
environmental conditions Gigantic eggs arc aho found in Litmbnconercts 
sp , also a genus in which Fewkes (1883-85) observed an abbreviated develop- 
ment. The collection of eggs in gelatinous egg-inasscs is a feature common 
to most of the Gastroiiods noticed at Adyar and to certain other species of 
Polvchmtes like Scoloplos sp Among the Gastropods there is no doubt a 
free-swimming stage in the life-history, Imt this pharc is often extremely 
short Interesting details of an extremely short larval stage and rapid 
metamoriihosis have been observed by Rao m the Nudibranch (Ascoglossa) 
Sltltger gopalat f Most of the siiecics of tish that bleed at Adyar have 
demersal eggs , and though specimens of Chtpeid and other groups of fish 
are commonlv caught in the brackish-water as the li‘t of animals collected 
by us woidd show, none of them breed in the brackish-watcr t 

High Rate of Reproduction —Apart from the modifications in develop- 
ment and the asexual reproductive devices, there is another asiiect which 
has not received the proix-r attention it deserves This is the high intensity 
of reproductive activity of maiiv of the siiecies As in most tropical 
animals (c/ Orton, 19‘i0) many species found at Advar would apjicar to be 
able to breed all through the year, though a well-marked season for breeding 
IS noticeable in many of them in as much as a high rate of reproduction is 
noticeable during this {leriod As jiointed out before, this season is deter- 
mined by the optnmiin envnronmental conditions for any particiilar sjiccies 

• Fauvel (1931) coniuders the tpecies as being synonymous with Diopalra neafoblana 

t " Habits, Structure and Early Development of a New Species of Slihgtr," bv K V 
Rao (1937), unpublished 

J Engraulu purova ia a possible exception, turfs Raj, 1916. 
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The high rate of sexual jiropagation accounts for the high intensity of 
population of anunal communities in certain biotoiics The animal commu- 
nities also often prove the correctness of thienemann's rule Most of the 
species attain sexual maturity at a very small size . well-devebipcd sex-cells 
are observed in very small individuals of Potamtdes ctnguiaius, Sesarma 
quadraium, Acentrogobtus nedlt, Clthananus oUvaceous, Melasesarma rousse- 
axu and Meretnx casta Rao {pp at ) finds that in Shltger gopalas, sexual 
maturity is attained within a verj short time after metamorphosis and 
several generations of these Gastropods are produced with singular rapidity. 
In the Anemone Phytocceles gangeitcus where the early development up to 
the Edwardsia stage is rapid, the post-Kdwardsia stages are rather prolonged 
and the gonads develop even m the larval Edwardsia stages with the incom- 
plete quota of mesenteries This instance of probable neoteny is further 
confirmed by the presence of blastiila-like stages in the coelenteron of post- 
larval individuals It is probable that the brackish-water habitat may, in 
some measure, be resiwnsible for this capacity for juvenile reproduction 
(Panikkar, 1937) Almost every spcvies of invertebrate from Adyar investi- 
gated so far, lias shown a definite tendency towards early sexual maturity 
and rapid development , and other reproductive changes like the assump- 
tion of hermaphroditism have been observed in the Polychsete Lycashs indtea 
(Aiyar, 1936) 

CUnsificahon of Faumsttc Elements —A convenient basis of classification 
of animals living in an environment of variable features as the braokish- 
water IS necessary to estimate the exact ec-ological characters of the different 
sjiecies Based on the chlorine content of the water, Rcdekc (1922 and 
1931) suggested a division of the brackish-water siiecies into oligohaline, 
mesohaline and jxilyhaline groups , the first representing the least saline 
region (salinity 0 2-1 9 per cent , Cl, 0 1-1-0 gm per litre) adjoining the 
freshwater , the second mesohaline region forming the middle rone (salinity 
1 9-18 6 jier cent , Cl, 1 0 -10 0 gm per litre) , and the last polyhaline 
region merging into the sea-water (salinity 18 6-31 8 per cent , Cl, 10 0- 
17 0 gm per litre) He pointed out that these differences in the chlorine 
content correspond exactly to the differences in the fauna, irrespective of 
the tyjK- of brackish- water investigated However mudi this classification 
may be satisfactory when applied to large volumes of brackish-water like 
the Baltic Sea, the Black Sea, the Chilka Irfike, etc , this division ceases to 
have any value for small bodies of w-ater as suggested by Redeke himself, 
and as conclusively shown by Nicol (1936) for salt marsh jiooU At Adyar, 
the grouping of ammals according to Redeke’s method is not at all applica- 
ble since every sudden outbreak of rain m the locality would, especially 
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when the bar is closed, result in quick changes from polyhaline to pligohahnc 
or almost lacustrine conditions, and the most interesting feature of the 
fauna is the singular capacity of several species to thrive in environments 
liable to profound changes in salinity and temperature Man> of the burrow- 
ing invertebrates adjust to salinity changes by vertital migrations [cf 
Panikkar, 1936) So far as our observations go, we have not found strict 
demarcation of animal communities evclusivclj on salinity basis At Ad>ar, 
the distnbulion of species is controlled b> a multiphciti of factors as the 
substratum, depth, current of water, vegetation, etc 

Fauna of Adyar and of other Regions Compared — Conijiating the fauna 
of the brackish-waters of Madras with that of the Oangetic Della and the 
Chilka Lake, it is clear that though the area is small and without the faiih- 
ties for admixture of salt and freshwaters on a large scale, the fauna is as 
representative and almost as rich as in the two other places, cspcculU in 
regard to true brackish-water siiecies The mam difference lies m the fact 
that in the Chilka Lake and the Gangetit Delta, there art nianv siiccies 
from the sea, which at Madras arc extlusivtlv inaimt in liahits and are not 
found in the brackish-watcr The sjx^tes of Philyra, Pkitrobrachta bengalen- 
sts, Mmbrampora sp, Akyontditm mytiU, Thalassema sp , Squilla scorpio, 
Squilla inkrrupia and Luctfer hansmx, to mtnlion but a few examples, have 
not so far been observed at Advar, though they are common in the Madras 
Coast, and in the brackish-waters of the Chilka Lake and the Gangelic 
Delta' The reason for this is that owing to the absence of a iirojicr grada- 
tion of salinities, the small siae of the area involved, and the iiollution of 
water as the backwater is situated in the city, only the more resistant ot 
the euryhaline species seem to have setured a foot-hold in the Madras 
brackish-waters Also, we do not find here a relict fauna as found in the 
Gangetic Delta represented by recent marine forms that no longer occur in 
stenohalme or euryhaline conditions, but only m fresh or slightly brackisli- 
waler 'fhe general features of the fauna described here are in agreement 
with those of the fauna of the Gangetic Delta and the Chilka Lake, but 
the constituent elements of the fauna present distinctive features m the occur- 
rence of several characteristic sijecies amongst the invertebrates, esjiecially the 
Anemones and the Polychates The proper evaluation of the fauna would, 
however, be possible only after exhaustive studies have been made of the 
fauna of the numerous other brackish-watcr tracts of India 

Summary 

The fauna of the brackisb-waters of the c-ity of Madras has been 
studied in detail with special reference to its relation with the habitat 
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The environmental conditions are described in detail About ninet>-tno 
species of Invertebrates and fifty-six species of Vertebrates have been 
observed in the brackish-water The fauna w predominantly marine and 
includes representatives of all major marine Invertebrate pliyla except the 
Echinoelermata The freshwater sjiecies ineliide a few Crustaceans, Molluscs 
and fish The amiihibious element in the fauna is well marked, and a 
iiiiinber of mud-burrowing species are noted Vertical and regional distri- 
bution of the organisms is described and the groups into which they may 
he classified according to their habits are indicated An account of the 
breeding in brackisli-water species is given The general problems concern- 
ing the biology of animal life in the brackish-waier are discu»«ed in detail 
witli special ntorcnce to the fauna descril>ed 
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EXPLANATION OF FIGURES 
PlAT* XVIII. 

Photograplis of tlie Adyar backwater and the river, taken during March 1935 Tlie first 
IS a portion of the backwater between the Adyar cemetery and the sand bank, showing 
the marginal and middle tones The second photograph shows tlie Adyar river after 
the Elphinstone Bndge Much of the river-bed is exposed owing to drought 

PCATg XIX 

(1) Northern bank of the river above tlie Elphinstone Bridge 

(2) Inner reaches of the river showing pools of fresh or slightly lirackish-water 

Plat* XX. 

(1) The river after Elphinstone Bridge to show the deep channel on the southern side 

(2) Part of the Adyar backwater near the small bridge close to the cemetery 
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Tkxt-Fic I 

Map o{ tlw Adyar river and backwater to illustrate the different regions surveyed In this 
study 


Imaginary aection through a mud-flat on 
zofWtKm of arnmals, csjwcially the 
following Rpecira — 

1 Pontudnlus fusts 

I Oc\t*tKia corjimatia 

3 Ocxpoda piacroiera 

4 Sfsanmt Iftragunum 

5 I- arMiio 

fj Metaplar dtshucfa 

7 I'ca auutihpej 

8 Zone of I xcastts mdua 

9 Luml>ru ontrfis sp 

10 Phytofortes {j^HQctuus 

II Sfsarwi qtiadrnlum 

12 Bolfophthahuns b&ddifrh 

13 Pcrwphihalinits pearstt and 

P ktrircutn 


the approximate 
26 represent the 


14 nlivacfout 

15 PotainidiS riJir/ii/anii 

Ui Ph\t0fa tfopsts ianiuimt\ 

17 P\ifnt<rtntassa onts^nsts 

18 Clibanarius ptidaiams 

19 btvila Sffrata 

20 Sleplicnsoiiaihs ornatti 

21 PilociTiit crul 

ZZ Mi fi tn r < asla 

23 S’tptuuus pdat/uits 

24 sanifumoliHitis 

25 Marphysrt (/ravcht 
2o Oiopatra tanahihs 
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(CommumcAted by Prof. Y Bhjradwlja, u Sc , rh d (l,oiid ), r i 3 ] 

Thf, present communication is the third*.* of the serns, ‘ The M>xo[ihyi.e£c 
of the United Provinces, India ’ It deals with algae (hitherto tinrtLordtd 
with the excejition of Anabana amhtgua Rao) collected mainly from Benares 
and its environs from 1934 onwards A few forms collected from Chukia, 
Chunar, Saranath, Ramnagar and Mussoorie have also been included In all 
there are one hundred and five forms, representing twenty-five genera, and 
out of these, two species, sixteen vanctus and twcnfv-scvin foiins arc new 
The habitat of these plants is varied , thiity-fivc have liccn collected on 
soil, seven from moist bricks, stones and rocks, eleven on walls and other 
elevated places, four on the bark of trees, five from the stagnant water of 
crop-fields and the rest from tanks, ponds, puddles and other aquatic 
situations 

The major part of the Benares Myxophyce.e arc sub-atriul iii liabitat 
After the rams, one comes across very frequently on semi-clayey soil, 
during July and August, a very thick, semi-transparent and ash-brown 

mucilaginous scum extending over large areas and making the ground cjimy 
This is mostly comprised of Aphanothece pallida It may lie inteimmgled 
with Chroococcus montanus forma and var hyaltna, Aphanocapsa Gnvtllei, 
MtcrocoUus cklhonoplastes and others On clayey soil, however, the stratum 
formed is deep blue-green and shmy, but closely adhering to the surface 
This 13 commonly comprised of Glceocapsa stegophila var crassa, Cyltndro- 
spemum musctcola. Microcokus chthonoplasles and M sociatus During July 
and August, Cyhndrospeimum musctcola is noticed very frequently to fofm 
by itself blue-green strata on moist soil, and as its spores ripen the strata 
turn blackish-brown. In the month of September, conspicuous bhie-greeii 
erect tufts of a form of Symploca mutahs apjiear on shady soil Frequently 

* From the Department of Botany, Bcnaree Hindu University. 

* BhiradivSja, Yajnavalkya, "The Iltyxopliyccx of the United Provinces, India— I,” 
Proe, Ind. Acad, Scu, 1935, 2, No 1, Sec, B. 

* Bhashyakarla Rao.C., "The Myxophyecaof theUnlled Provinces, India— If." Proc. 
Ind. Acad. Sci., 1936, 3. No. 2. Sec. B. 
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dunng August and Scptemlier. circular, woolly, slimy and brown patches 
are swcn scattered on the surface of lawns These expand and finally 
coalesce to produce a brownish green stratum which for the most part consists 
of MicrochaU tenera, Scytoncma javantcum, with which, however, Micro- 
coleiis chlhonoplastes and a form of Anahana vartabths may be intermingled 
Osallatoria terebn/ormn is the most common species of Osallatorta in 
Benares and it occurs not only on all exi>osed muddy places, but also in 
stagnant ponds, puddles and dirty drains Osctllatoria formosa is another 
form commonly met with in Benares, esix-eiallv during rains, forming a 
a cnmson-green layer on the soil of shallow puddles and ditches Among 
the other common blue-green algie, ocenrring on moist soil, mention may be 
made of OiCtllatona sancta, Phnrtmdium Retzn and I ynghya ecylantca On 
places which are constantly wet, because of their being near drams or other 
water sources, Phnrmtdtum •^uhlmncatum is very common This alga has 
also been found growing in very delicate bluc-grccn films spread on the sides 
of the aspirator bottles kept out of use ill the J,alx)ratory Scylonema 
ocelMum, Lynghyt truntcola, L asluartt var arbusttva and L arbnrtcola are 
seen after rams in the form of expanded bluish-green woolly lajcrs on the 
bark of Mangtfera indtca, Eujenta Jambolana, Bassia latt/oha and fatnatindm 
iftdtca As the season becomes drier, the strata formed by these algfe 
become thm and papery, and may ultimately peel oil the trunk of the tree 
In Benares, there is a comparative paucity of the real aquatic fomis 
Tills IS due to the fact that there are no large and i)erinaiii nt sheets of 
stagnant water The characteristic aquatic liabitats of these alg:c aic a large 
number of pools, puddles and ditches formed by the stagnant ram-watcr in 
low-lying areas either in waste-places or amidst crop-fields or on the sides 
of the River Ganges, which flows bj the side of the town Some of the 
common planktonic forms are Mtcrocyslts flos-aqua, Chroococcus turg>dm, 
C minutus, Mmsmopedta lenmssima and Sptruhna plalensis var crassa 
Osctllatoria prtneeps is rather frequent near the edges of pools, puddles and 
ditches as black masses of densely crowded liair-like filaments ,'^pecies of 
Anabietta, such as A aphamzomenotdes var elhpsospora, A Ivengan var 
tenuis, and A unispora var crassa, occur m a large number of ram-watcr 
I>ools They are sterile during Jqlv and August, but form spores in 
.September and October Gloeolttchta nalans occurs as large blue-green 
globules attached to aquatic angiosperms Glceolrtchia tnlermedia var 
kanweenst is abundant in several rain-water pools, either in a tree state or 
adhenng to Chara, and other aquatic plants Aulostra JeriiUssvma var 
tenuis and Pkortntdtum mucosum var arvense are found in abundance dunng 
rams m stagnant water of crop-fields Lyngbya confervotdes grows in thick 
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fibrous and deep blue-green masses lu the shade oi closely spreading leaves 
of Nelumbtum in the ornamental water reservoirs 

The Benares Myxophyct® grow luxiuiantly durnio; the rainy months of 
July. August and September and to some extent in Oetolier and November 
But they are quite scarce during May and June, when it is verv hot and 
dtv Some of the forms .ivailable during these liot months arc MicroLyslts 
flos-aqua, M ertsmopedta tenwssuna and Sptrultna major, occiining in tanks 
with constant water supiily, nndaho OcctHaluna Urebnjortnts and Photmidium 
subtruHcatum inhabiting places near water 

Systematic Enumeration oi the Speciis Obsibved 
I Chroococcales 
Chroococcacea’ 

Genus Murocyshs Kutzing 

1 Microcyiits eenigtnosa KUtzing Geithi, m R.dienliorsi's hiypto- 
gamenflora von huropa, Band XIV, C\anoi)h>ci.e, lt»3(l '12, p 136, 
Eig 69 d, Fremy " Ee-s Mcxoplijeces de Madagasiar.” Annaks de Cryplo- 
gamie exoUque, t in, fasc IV, 1930, PI IV, I'lg 5, Crow, " The taxonom> 
and variation of the genus Mtciocyslts in Ceslon,’' Kew Phyiologisl, 1923, 
Vol 22, No 2, PI I, Fig a, Tilden, Minnesota AlgiC, Vol 1, 1910, PI 11, 
Figs 21 and 22 

Var elongata var nov (Fig 1 . -l-C) 

Colonics spherical or elongated, solid or broken through to form a net , 
broken parts of the colony looking hkc filaments , sheath indistinct, stained 
Molet with mcth>lene blue, cells pule blue-green, more or less si.heneal, 
with gas-vacuoles 

pat cell ,2-2 8 

Habitat —In an ornamental water reservoir of a piivate garden, along 
with Oscillatorta Anna, Lynghya hmneliea and Oedogonium sp 

The form agrees with the tyiie In having spherical or elongated colonics, 
which are solid or broken through with an indistinct sheath, and spherical 
cells with gas-vacuoles, but differs in the cells being smaller and the broken 
portions of the colonies looking like filaments 

Genus Aphanocapsa Nacgeh 

2 Aphanocapsa Kootdersi Slrpm Geitle^r, op ctl , 1930-32, p 165, 
Fig 68 

Colonies without definite shape Cells laxly crowded , circular to sub- 
globose with pale blue-gri'en homogeneous contents 
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Lat cell , 2 2-3 2/i , 

Habitat;— In the fountain tank, Women’s Hostel, Benares Hindu 
University, along with SynuhocyUts aguatihs and Oedogontum sp (Miss P. R 
Parukutty Amtna) 

3 Aphanocapsa GremlUt (Hass) Rabenh Geitler, op. at, 193<^33, 
p 168, Pi« 71. Frfemy, ‘‘LesMyxophyc&sdel'Afnqiiceqiiatonalefransaise,” 

Arch d Dot , iii (1929), Mem 2, 1930, p 23, Pig 26 , 'filden, op at , 
1910, PI n. Fig 7 , West, Alga. I, 1916, p 3, Fig 2, A 
Lat cell ,3-2-4 8/i 

Habitat —On the sides of the steps of a tank along with other algK 
The plant-mass occurs os smaU yellowish patches distributed irregularly 

4 Aphanocapsa pulchra (Kiit* ) Rabenh Gcitlgr, at, 1930-32, 
p 156, Fig 69 g, Fr6ray, op at. 1930, p 23, Fig 22 



Flo 1. A~C-~Uicrocytla mruntmra Kati. T«r tlmgala rar. uot, 



Ut cell ,3 '2-i r>(t 

Habitat — I’lanktonic in a tank, Cantonment area 
Genus Aphanotheu Nagtli 

6 Aphanothece buUosa (MeneKh ) Rabcnii Fi6mv, op cU , 1930, p 33, 
Fir 33 

I^at cell , , long cell , 0 0-13 2/t 

Habitat — Free-floating in a rain-water pool along with lyngbya sptralts 
Geitler 

The stratum is a deep blue-green fragile mass 
Genus Glaocapsa Ktitamg 

6 Glaocapsa puttetaia mg. Frfemy, "T^sMyxophycks dc Madagaocar,” 

AftnaUs de Cryptogamte exotique, t in, fasc IV, 1930, PI V, Fig 19. 
Geitler, op. ext , 1930-32, p. 189 
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Lat « 11 , 1 C-3 /i . ^'>"8 . 3 2 . lat cell cum vag , 3 5-4 /x , 

long cell aim vag , 4-2-6/1 

Habitat — In a CLmciitcd watcr-r( scrvoir of a private garden, along 
with Nostoc ipongtafoime var lenuts, lolypvthnx lanata forma, T distoria 
var samriinsts and Oedogontuin sp 

7 Glcrociipsa stegophtla (Itzigs ) Raberili Ccitler, op at, 19.10-32, 
]) 197, Ktg 91 h , Tilden, op cit . 1910, PI I, Pig 24 

Var trassfl var nov (P'lg l.D) 

Th.dliis soft, yellow ish-browii , tells spherical, siib-splicrical or elongated, 
tonnnonh single or in toloiiies of 2 1 , sheaili golden >tllo\v, sometimes 
striated 

bit tell, 4 C 4/x, long tell, Gl-96^, lat tolon cum vag, 
8 lO/x, long colon turn vug 0 (.-19 2/x, trass vag, upto 3.2/x 

Habit it —On moist soil, singly or .dong with Microcoleus chthono- 
pl(U'le\, M soLia/Us, Cyhndrospermum inusctcola and others 

The v.inet> differs from the tvi>e in having bigger tells and tolonies 

Genus Chroococcus Naegth 

8 ( hroococius turgidus (Kutr ) NUg Ceitltr, op cit , 1930-32, p 228, 
Fig 109/), P'renn, o/> cil , 1930, p 41. P'lg 40, Tildcii, op cit, 1910. 
PI I, Pip 1, West, op cit, 19ir., p 41, P'lg 256 

I, at. till, 11 5 If. 0/x^ long tell, lC5/x, lat cell cum vag. 
11-19 2/x, long tell cum tag 19 5/x, lat colon cum vag, 10 5-21 2 ft, 
long colon turn t.ig , 21 4-23 1 /x 

Habitat —Planktonic in the tank of the Benares Electric Light and 
Power Supply Co, Ltd, along with Chroococcus minulus, Mensmopedia 
lenmssima and Sptruhna major 

The cells are ytllowish-green, niostlv 2-4 in each colony 

9 C/iroococcMs f«i««/«s (KUtz ) Nag Geitler, o/) cil , 1930-32, p 234, 
P'lg 113c, Vrhm.op ci/ , 1930, p 11. Eig 42 

Lat cell. 5-6 G/x; long cell, 3 3-G/x, lat tell cum vag, 6 0-10 /x, 
long cell turn vag , 6 3-13 /i , lat colon cum vag, 6 0-10/x , long 
colon turn vag , 0 6-15 G/x 

Habitat —Planktonic m the tank of the Benares Electric Light and 
Power Supply Co , I,td , along with Chroococcus turgidus, Mensmopedia 
tenmssima and SptruUna major 

Cells arc mostly in colonics of two and rarely four. 
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JO Chroococcui imntmus (Keissl) I,enini I,emtiiermann, Krypio- 
gamenflora d Mark Brandenburg, iii, Algen I, 1910, p 59, Gejtler, op at, 
1930'32. p 233 (Fig 1, A) 

Lat rell , 1 B-2 6(-3) p , long cell , 2-3 2 p , lat cell cum vag , 
3-4 6 p , long cell cum vag , 3 2-5 p , lat colon cum vag , 4 8- 6 4 p 
long colon cum vag ,4 8-8 4 (-9 C) /t 

Habitat —In an ornamental tank of a private garden , on the sides 
of a cemented water reservoir. b> the side of the road leading to Allahabad 
The sheath m the form eolleetcd from the ornamental tank is some- 
times dissolved or very indistinct 

11 Chroococcwi vanu’i A Braun Ceitler, op at, 1030-32, p 235, 
Fig 114(1 

bat cell . 2-4p , long tell . 2 5-4/1, lat cell cum vng , 3 5/i, long 
ctll cum vag , 3 5-5p . lat colon euiu vag , 4 2 8 4 p , long eolon cum 
vag ,4 5-1 1 G p 

Habitat —Oil the eemented platform of tlie* Phvsieal I.aboratory, 
College of Stience, Benares Hindu University 

12 f hroococcus monlanui Hansg Geitler, op cii , 1930-32, ji 230 
Forma (Fig I , F) 

bat ctll, 5 C 4p, long cell, 4 8-«p. lat cell ciim vag, 04-90 
( 12 8)p , long cell cum vag ,8-11 2p , lat colon cum vag , 8 8-10 p , 
long tolon ctiiiivag,ll 2-14 4 /i 

Habitat —On moist soil, along with Mtcrocoleus chthonopta<ilet ,ind 
others 

The form differs from the tvpt in tlu sheath being hyaline 
Var hyalina var nov (Fig l.C) 

Strntiini thiek, mutilaginoiis and blue-green Cells sphtncnl or sub- 
spherical or elongated, single or 2-4 or oocasiotially upto 8 in sphcntul or 
ellipsoidal colonies Colonics separate Sheath thick, hyaline and lamellated 
bat cell, 4 8-7 5p, long cell, 8-10 6p, lat cell cura vag, 
13 2-23 1 p , long cell cum vag . 13 2-30p . lat colon cum vag , 19 8-26 p , 
long colon turn vag , 19-30 p 

Habitat — On moist soil along with other alga: 

The variety agrees with the tvjie m the mucilaginous stratiAn, the 
picsence of 2-4 or occasionally more cells ui each colouy, and the sheath 
enveloping the colonies being stratified, but it differs from the same in the 
stratum being blue-green and the colonics, which are on the average bigger, 
possessing a hyaline and thick sheath 
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13, CkroococcHs palhdus Nftg Geitk-r, op at, 1930-32, p 238, 
Fig 110 4. Frdmy, 0^ c«< , 1930, p 41. Fig 48 

kat cell .4 8-0 6/1. long ccU . 4 8-7/* , lat ccU cum vng . 6-6-10/i , 
long cell cum vag , 0 0-11 0/t, lat colon cum vag , 8 4-10 5/«, long 
colon emu vag . 10 6-13 2 p 

Habitat —On wet -^oil along with Cyhndrospermum musctcoUi, Mtero- 
culetts chihonoplastts and others 

The lell-eontuit-. arc diep hliie-grccn 

(Icmia Mfrt&mopfdta Meycn 

14 Merx^mn^pedta mtntma O Beck Gcitler. op ctl , 1930-32, p 203 , 
Bhashyakarla Rao, "The Mvxophytttcof the Uiuttc^ Provinces, India— 11,” 
Pfoefcdingf of the Indtiin Academy of Sctences, 1936, Vol HI, Sec B, p 166, 
Fig 1,B 

hat cell , 0 2-0 4 p 

Habitat —Planktonic in the fountain tank. College of Science, Benares 
Hindu University 

The form differs from the tyi^; in rxissessing smaller cells and colonies 
consisting of upto 320 cells 

16 Memmopedia tenutssma lyenim Geitlcr, op cti , 1930-32, p 264, 
Fig 129 4, Fr6mv, "l,cs Cyanophye^ss ties COtes d'Kiirope,” Mdmoires de la 
Soi liU NaUomle des Sciences NatHrelles et Mathimahques de Cherbourg, tome 
XLI, 1934, IT I, Fig 1 , Gcitlor. in P.isclier’s Silsswasserfiora Deulschlands, 
Usterretchs utud der Schuei' , Ilc-ft 12, Cyaiiophycccc, 1925, p 107, Fig 123 a 

Lat cell ,1 6-2 /i 

Habitat — Planktonic in the tank of the Benares Electric Light and 
Power Supplv Co , Ltd , along with Chroococcus (urgidus, C mtnutus and 
Sptruhna major. 

The colonics are generally of 16-48 cells 

Genus SynechocysUs Sauvngcau 

10 Syneckocystis aqua/ilis Sauvagean Tildcn, o/>. ett , 1910, PI I, 
Fig 10 (Fig 2,^) 

Lat cell , 5 6-6 5 p 

Habitat —In the fountain tank. Women’s Hostel, Benares Hindu 
University, along with Aphanocapsa Koordersu and Oedogontum sp (Miss P R 
Parukutty Amraa) . m a temple tank, Benares City 
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Genus Dactylococcopsis Hansg 

17. Dactylococcopstt raphtdtoides Hansg Ceitler, op nl , 1930-32, 
p 281, Kig 137, Pnnt/, “ Sub-aenal Algae from South Africa,” Nofske 
Videnskciben selaskabs skr%fter, 1920, No 1, PI H, Tigs 328-36, Borge, 
Beitrage lur algenflura von Schwiden," Arkiv for BoUmxk, Band 18, No 10, 
PI I, Fig 1 

Forma. 

lAt ceU .1 6-2 p , long cell . 20-36 (- 40) n 

Habitat —In a pond on the University grounds, along with Calothrtx 
marchtca var xnitrmedta, Anahesna /erhltsuma sp iiov , A lyen^art var 
tenuis, Osctllaiona ammaln, Lyngbya Dtgeuix forma and sterile filaments of 
Spirogyra and Oedogonium 

The form differs from the type m the cells being longer and usually 
falciformed It also differs from forma fakt/oimts Prmtr in having much 
longer cells 

11 Cn«MOSIPHONAI,ES. 

ChtsmostphonacerB 

Genus Chremosiphon A Braun et Gnmow 

18 Chamostpkon stdenphtlux Slarmmh Geitler. op ext , 1930-32. 
p 431, Fig 261 

Var glabra var nov (Fig 2, B) 

Sporangia distributed on the host cither singly or in dense dusters, 
usually club-shaped, rarely cylindrical, bent or straight, pale blue-green with 
homogeneous contents vShcath thin, hyaline and smooth F.xosiMre one 

Lat siKirang , 2-4-3 2 (~ 4)p , long sporang , 4-14 4p , lat siiorang 
cum vBg , 3 2-3 6 /i , long sporang cum vag . 4 8-17 0 p 

Habitat —On Lyngbya gractlts in the reserve water tank of the Benares 
Water Works 

The variety agrees with the t>iic in the possession of club-shaped or 
cylindrical sporangia with one exospore and a foot formed by the envelop- 
ing sheath, but differs in the siiorangia possessing mucli shorter range of 
dimensions and the sheath being al\va>'S smooth, hyaline and without any 
calcareous impregnation 
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III Ho»moconem.es 
/ SHgoncmatacea 
Genns Hapalosiphon Naegeli 

19. Hapalosiphon Weimlschtt W ct O S West Gtitler, op at, 
1930-32. p 530. Fis: 328 a 

Forma (Fig 2. C awl Z)) 

Plant-mass dark gretn . fil.nnients cUistlv ttitangled Sheath tlim, firm 
and hyaline Cells spherical, quadratic or longer than broad Branches 
short and narrower than the mam axes Heterwysts rare, long-cylindrical 
Spores more or less s[)hencal or longer than broad 

Mam axis Bat cell, 3-7 5, rarely 9/i, long cell, 4 5 15, rarely 
16 Branches Lit icU , 3-6/t. the basal cell Ixing 7 5ft , long cell , 
2 2-10 6 ft Lat hot, 4 6 7 ft . ■ 1 S-lOft, lat S))or , fl-12/i, 

long s))or . 5 2-12 Oft . crass vag , 0 2ft 

Habitat — Closch adhering to the moist bricks at thi edge of a ram- 
w.itcr pool 

The form differs from the t\pc in the terrestrial habitat and in the 
filaments licing closely entangles I 

2 Rtxmlariacea: 

Genus Calothrtx Agardh 

20 Calothrtx marchica Leniin Geitler, op at , 1030 32, p 607, 
Fig 382 a 

Var crassa var nov (Fig 2, h) 

Filaments m groups, irregularly bent and closely entangled Sheath 
thin, firm, yellowish or hyaline Tnchoines with coiistnclioiis al septa , 
with tajK-img ends but without any hair-hke prolongation . end-cell c-omcal 
With a rounded ajicx, sometimes iiointed Cells qundrotK, as well .as shorter 
or longer than broad Heterocysts single, basal, sphertc-al or sub-sphcnc al 

Bat fil , 9 6-14 4fi , long tnch , upto 450 fx . lat tncli ,8 4-12 8fi , 
long cell, 2-3 2 fi, at top 4 8 ft, lat het . 8 2-l2.5fi, long bet, iiplo 
6/1 

Habitat —On the plinth of the Colle-gc building, near the outlet of 
a dram, alopg with Culolhrix linearis forma 

The variety agrees with the type m (1) the tapering trichomes without 
any hair-like prolongation, (2) the barrel-shai)c>d celLs, (3) the rounded or 
sometimes iwmted end-cells and (4) the single spherical or sub-spherical 
basal heterocysts , but it differs m the broader, irregularly bent and closely 



3S0 C Bhashyakarla Rao 

entangled filaments, arranged in groups, in the much broader tnchomes and 
hcterocysts, and in the yellow sheath 

Var mUrmedta var nov (Fig, 2, F and G) 

Filaments epiphytic on other algte, placed singly or in groups of two 
or three, with slight attenuation, without the formation of a teiminal halt 
Sheath thin, firm and hyaline Cells quadratic, as well as shorter or longer 
than broad, with constrictions at the joints . end-cell rounded Heterocysts 
single, basal and usually spherical 

Lat fil , ft-8p , long tnch , iipto S50p, , lai tnch . IS 8-7 8jt , long 
cell , 3.2-8p , lat het , 6 6-7-8p 

Habitat — Tn a pond on the University grounds, along with Dactylo- 
coccopsts raphidtotdts forma, Anahana /rrliltssttna sp nov , A lyettgart var 
Unuti. OsctUatona antmihs, Lyngbya DigeuU forma and sterile filaments of 
Sptrngyra and Oedogontutn 

This form comes close to Calothrtx alncha Krfmy (Fr6my, op ett , 
1930, p 203, Kig 2.3.3) which fleitler {op at , p 625) considers to be identical 
with Calolhrtx marchtca I,cmmemiaiin It resembles Calothnx marrhtca 
I,emm iii the free filaments, the absence of a liair-like prolongation at the 
ends of the tnchomes, the constrictions at the joints, the thin and hyahne 
sheath, and in the single, sphencal or siib-sphcrical basal heterocysts But 
It differs from this form in the tnchomes jxxs-sessing only slight attenuation, 
in the rounded end-ccll and in the bigger dimensions of nil parts The 
dimensions of this fonn arc intermediate between those of the tyjic and the 
var crassa 

21 Calothnx hnearts Gardner Ceitler, op at, 1930-32, p 022, 
Fig 396 (f 

Forma 

Uat fil , at base 10-12 p, at top 4-6 ji , long tnch . upto 460 je ; lat 
tnch, at base O-O-D 6 ji. at top .V3-3ji, long cell, 2 6-6/i, lat het, 
fi 6-8 /* , long het , 5-7 p 

Habitat — On the plinth of the College building, near the outlet of 
a drain, along with Calothrtx marcktea var crassa 

The form differs from the type in the tnchomes being broader at the 
base and the cells in the terminal portions of the trichomes being quadratic 
or shorter than broad 

22 Calothnx brevtsstma G S West '■ Report on the Fresh-water Alg«, 
including Phvtoplankton of the Third Tanganyika Expedition conducted by 
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J>r W. A Cunnington, 1904-1906," Journal of the Linnean Soc\ely Bot , 
1907, 38. p 180, PI 10, Fig 8 

Lat fil. 4 8-e.6/i, long fil , 40-86 /x, lat tiit'h . 3 8-4 6/x , long 
cell, l'6-3'5fx; lat het , 3 8-4 8/t, long liet , 4-4- 5 /x 

Habitat • — FpiphyUt on Hydrodictyon reltculaiim growing in a rain- 
water pool, along with Sptrogyra chunta forma 

Genus Glceolnchia Agardli 

23 GUcutneha Raetborsktt Woloszynska Gcitler, op cit , 1930-32, 
p 037, Fig 408 <i and b , Geitkr, op at . 1926, p 233, Fig 281 b 

Var kashtensevar nov (Fig S. A-4i) 

Thallus forming large irtcgularlv-lolicd blne-gt<en masses, 2-10 cm 
thick Filaments with a thick, stratified and hyaline sheath Tmhomes 
with constrietions at joints, ending in a long hair Cells at the base of the 
trit'hoine barrel -shaped, much shorter than broad or almost as long as 
broad, higher up cilindncal, in the hair long cvlindntal Meteroevsts 
single, spherical to elhiisoidal .Sjxires long, ellijisoidal to cylindrical with 
a hyaline smooth outer wall 

J,at. trich , at base 8 4-lOp, higher up 4 8-6 4 p, at ajicx 2 4/*, long, 
trich , 800-1,000 p , long cell , at base 2 4/*, later 3 3-10/*, in the hair 
upto 13/*, at apex upto 36 /i , lat hot , 8-12 8 (- 13 2)/* : long het , 
8 4-16 (- 16 0) /* , lat spor , 11 5-16/*. average 13 2/i . long spor , 42-66/* 

Habitat . — In a rain-water jmddle amidst crop-fields 

The variety agrees with the ty|)e m all rcspecU except that the 
former has much bigger thallus. broader tnehomes, hyaline sheath, bigger 
heterocysts, that may be ellipsoidal, and narrower spores of a wider range 
in lengtli with a hyaline outer wall This form w also comparable to 
var Ltben/eldiana (Wol ) Geitler on account of the sphciical or ellipsoidal 
heterocysts and cylindrical spores with a colourless outer wall, but here also 
It differs in possessing bigger hetcrocysts and narrower spores 

J Mtcrochasiacea 
Genus MtcrochceU Thuret 

24 Microchate iertera Thwet Viimy, op , 1930, p 281, Fi| 248, 
Tilden, op cit, 1910, Pl X, Fig. U 

I,at fil, 6-7-1 p, lat cell.. 4-5p, long, cell, 4-8-8/*; lat. het., 
4 6-6-1 /* , long, het , 6 4-10/* 

Habitat -—On wet soil of the lawn*, Benares Hindu University 
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Genus Atdosxra Kirc liner 

36 Aulostra Fritschu BhftradwAja Bharadwaja, " ConlribviUoiis to 
out knowledge of the Myxoplivctse of India,” Anmls of Botany. 47, 186, 
1933, p 123-131, Bigs 3 and 4 

Lat fil . 11 •2-16 6(i, crafis vag , upto 3/i, lat cell, 8 11 Sfi, 
long cell, 6-26/i,, lat het , II 2-13 2/1, long htt , 11 8-40/i, lat 
sjwr , 10-13 2/1 , long si)or , 6 6 30/i 

Habitat —In a stagnant rain-water puddle, by the side of the B N W 
Railway line, about 2 miles off Benares Cantonnient Station, along with 
Lyngbya confervoides, OsetUatona prttu^fps and several others 

26 Aulostra fetiiltsstma Ghost* Gliose, " A sysUtmatit and an ciolo- 
gical account of the bluo-green nlg<e of Lahore and Simla,” Jour Ltnn Soc 
Bot . 46, 1923, Tuf 31. Big 9 

Var tenuis var nov (Big 3, F-1) 

Plant-mas-s fibrous and grctisli bhit I'llaments free more or less 
straight and tlosolv crowded together, with a tliin, film and brown sheath, 
that may sometimes bt entclojied bv difflntiit mucilage Trit homes slightlv 
tapering at the ends, rarely tonstneted at the sipta . end-cell with a rounded 
apex Cells cylindrical, sonictim<« (juadratit Htteroeysts cslindncal, with 
rounded end-walls broader than the tritliome and causing the filament to 
bulge Spores in long cliain«, ellipsoidal to cyhiidneal, mterealatcd by 
moribund cells 

Lat fil , 5 0 6 4/1, lat trith , 3 3-4 8/i. Ion? cell, 3 3-10 8/i, 
lat het, 4- 5-7/1, long het, 8 2- 19 8/1, lat spor , 4 8-88/1, long 
spor , 10 5-19 2 p , crass \ag ,0 3-0 8/1 

Habitat — In the stagnant water of a paddy field 

The variety agrees with the type m having (1) cshtidnoal or quadratic 
celts, (2) cyhndncal hetcrocysts, (3) elliie.oidaI sports in chains and 
(4) moribund cells in between the siwrts . but it differs from it 111 the fibrous 
stratum, the much narrower tnehomes, the narrower hetcrocysts and the 
much smaller spores (that are also cylindrical) with a colourless outer w-all 

4 Scytoncmatacea 
Genus Tolypothnx Kfletaing 

27 Tolypothnx nodosa Bhftradwaja Bharadwaja, " The Taxonomy of 
Scylonema and Tolypothrtx imluding some new records and new species 
from India and Ceylon,” Revue Algalogique, 1933, n 1-2, p 176, 
Big 7c. 
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Lat fil, 6 4-8/1, lat trich., 4.8-6-8/1, at aiMces 4 /t , long cell,, 
3- 2-12 8 /I ; lat het , 4 , long het , 6 4-16 8 ft, rarely npto 23/*. 

Habitat —In rain-water poola 

28 Tolypolhrix lanata Wartm Geitler, op ext, 1930-32, p 717, 
I-'ig 469 4 

L,at fil , 8 2-1 1 2 /* , lat trich ,6 -8 2 /* , long, cell , (6-) 6 4-10 4 /* , 
lat het ,« 6-8 2/1 , long het , 10 6-16 5/i 

Habitat —In a cemented water reservoir In a private garden, along 
with Nostoc tpongite/orme var tenufi, Tolypolknx dxslorta i-ar samoittsxs, 
Glaocupsa punctata and Oedngontum «p 

The form differs from the type in having narrower tnehomes and in 
the absence of heterocysts in chains 

29 Tolypothrtx dxstorta Ktttz var. samoensts Wolle Bh4radiv4]a, 
op ext, 1933 p 176, Fig 76, BliftradwAja, " False branching and 
Sheath-structure in Myxophycese, with spec-ial reference to the Scyto- 
iiematacea?,” Archxvfiir Protxstenkuixde, Band 81, Heft 2, 1933, Fig 3, E 
and Fig 4, G. 

Bat ai , 14-19 8/1, when old upto 22 /i , crass vag , 3 .V4/i, when 
old and iinhealth> upto 6/i , lat trich , 12 2-16 ft, when old narrowed down 
to 10 2/1, long cell, 3 2-12/*, lat het, 118-13 2/*, long het, 
10-23/1 

Habitat — In a cemented water reservoir in a private garden, along 
with Nostoc spMgia/ome var lenuxs, Tolypothrtx lanata forma, Glceocapsa 
punctata and Oedogoxttutn sp 

30. Tolypothrtx robusta Gardner GcilKr, op ett , 1930-32, p 715, 
Fig 467 6 

Forma 

Plain fil , 13-17 /*, when old upto 20,* , crass vag ,2 4 6/*, when old 
and unhealthy upto 6'6/i , diara trich , 9-12 /*, when old and unhealthy 
narrowed down to 6 6 /*, at growing apices upto 16 /* : long cell , 10-12 /* ; 
when old and unhealthy upto 30/*, at growing apices upto 6/* , Lat het , 
10-13'2/i; long, het, 13-42/*. 

Habitat •— Floating in a stagnant pond 

The form differs from the type in the presence of narrower filaments 
and trlchomes and in the heteroevsts being frequently longer and found 
singly or in chains of 2 to 3. 
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31. Tolypothnx fragtlu (Gardner) Geitler Geitler, op cil , 1930-32, 

P 726, Fig 466 

I/ttt, fil , 6.6-7/x, lat tnch , 4 .9-6/1, long cell, 3-5 n , lat het , 
O- 6-7 (I ; long hct , 4-10 /i 

Habitat. — On the white-washed wall of the temple at Kanwa, Uenares, 
along with Lynghya trunwla and others 

Genus Scytotiema Agardh 

32 Scylonftna coacltU Mont Geitler, op ett , 1930-32, p 753, 
Fig 479 a-c 

Lat fil, 17-19-8/1, when old upto 23 /i, crass vag , 2-3 /i, when 
old upto 4 8/1, lat tnch. 10-16 /i, when old narrowed down to 7 /i , 
lat het, 13*2-16/1, long hct, 11 8-17 3/i 

Habitat —Free-floating in a tank of a private garden 

33 .Seyfonemu sl«/>os«<w (Ktttz ) Born Frem>,o/> 1930, p 306, 
Fig 260, Tildcii, op lit . 1910, PI XII, Figs U and 14 

IM fil, 19 8-23/1, when old upto 26 /i, trass vag , 2 4 8/i, when 
old and unhealthy upto 6/t . lat tmli , 10-14 /i, when old and unhealthy 
narrowed down to S/i , long cell , 3 3-13 2/i , lat hct , 13 2-15 /i , 
long het , 11 8-19 /i 

Habitat .— On clayey soil bv the side of the road leading to Saranath 

The sheath in this form is yellowish-brown and stratified 

34, Scyionema ocellahm Lyngbye Fr6im, op at. 1930, p 309, 
Fig 263 

I^t fil, 17*0-19 2/1, when old upto 20/i, crass vag, 2 4-3 2/i, 
when old upto 6/t, lat tnch, 9 G-14*4/i, when old and unhealthy 
narrowed down to 8/i, long cell. 6-14 4/i. when old and unhealthy 
upto 19/1, lat het, 14*4-16/i, long het. 11 2-16/i 

Habitat — On moist soil m shade , on tlic bark of Tatnarindus 
tHdica and Mangifera tndti.a 

36. Scytonema jnvameum (Kfltz ) Born Fr6my, op cit . 1930, p 310, 
Fig 264 , Gho.se, " On some Myxophycew from Rangoon,” Journal of the 
Butma Research SocUly, Vol XV, Part III, 1926, PI VII, Fig 18. 

Lttt fil, 13-2-16*6/1, when old upto 18 /i, crass vag. 0*9-1 8 /i, 
when old upto 3* 6/t. lat tnch, 11 8-13*2 /i. when old narrowed down 
to8/i ; long, cell , !I-ll*8/t , lat het , U*8-13*2(i , long het , 10-16 6 /i 

Habitat On shaded soil at the edge of a ram-water jiool 
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36 Scylonema guyanense (Mont ) Born et Flah Fr4my, op. cit , 
1930, p 312, Fig. 265 

Lat fi! , (13-2-) 15-16.5/1, when old upto 20 /i , crass vag , 2-3 /i, 
when old upto 4 /i, at apices thinned out to 1 /i , lat cell , 11-14 /i, when 
old narrowed down to 9/i , long tell , 4 8-19 8/i , lat. het , 10-14 /i , 
long het , 13-20 /i 

Habitat —On moist rocks, among liverworts and mosses, Mussoorie 

37 Siytonema H o/tnanni Af' Fr6my, o/> iti , 1030, p 313, Fig 266, 
fleitlcr, op at , 1925, p 268, Fig 317 

hat fil , 6 4-8/1, when old upto 10/t, crass vag, 1-1 • 6 /i, when 
old upto 2 2/1, lat cell, 4 7-6 4/t, long cell, 4 8-9/1, lat het, 
6 4/1, long lift , 9 6-12/1 

Habitat — On the cemented compound wall of a private garden 

38 Scylonema mtrahile (Dillw ) Bom Geitler, op at , 1930-32, 
pp 776 and 777, Fig 498<j-/, Freinv. op at, 1930, p 318, Fig 268, 
BhSradwftja, “The Taxonomy of Scylonema and 7* v/y/ic/An* including 
some new records and new species from India and Ceylon,” Revue 
Algalogtque, 1933, n 1-2, p 171, Fig 5, A 

Lat fil, 13-2-16 5/1, when old upto 19 /i, crass vag,, 3 3-4 /», 
when old upto 6 6 /i and thinned out at apices to 1 2 /i , lat tneh , 
6 6-9 6 /i, when old narrowed down to 4 /i , long cell , 3-6 6 /i , lat het _ 
6 6-8 /I , long het , 6 6-10 /i 

Habitat —On the moist bricks of a wall m the shade of a tree ; on 
moist soil in a field 

39 Scylonema Bemtt Fntsch and Rich “ Contributions to our know- 
ledge of the Fieshwatcr Alg® of Africa 4 Freshwater and Sub-aenal 
algoe from Natal,” 7 rans Roy Soc S AJnea, Vol XI, 1924, p 364, 
Fig 23 

Lat fil, 10-1 6 /t, when old upto 19 /i, cras-s vag, m old healthy 
filaments upto 4 9/x, in old unhealthy ones upto 7 /* , lat tnch , 4 8-7 /*, 
in old unhealthy ones narrowed down to 3 2/i, at growing apices upto 
10/1, long cell, 11 2-23/1, at apices 3 5-4 • 8 /i, lat. het, 6 6-10 /i, 
long het , 6 6-16 5 /i 

Habitat — On the mud settled down on the rocks near the dam at 
Latif Shah, Benares State 

The stratification 6f the sheath in this form is mostly diverging 
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6. Nostocacea 

Genus CyUndrospcrtHum Kuetzmg 

40 Cyltndrospermtim musctcoh KiMz Vtimy, op , 1930, p 377, 
Fig 313, Tilden, op ctl , 1910, PI. X, Fig 6, Gbose, op at, 1926, 
PI VII, Fig 16 

Lat cell, 2'8-3/i, long cell, 2 8-6 /t, lat het , 3 '7-4 5 ; long 
liet , 4 5-6 (-7 6)p, lat spor , 9-10 6/i, long spot, 13 2-10 6 

(-21 4)p 

Habitat •—On molit soil, singly or along with MtcrncoUus chthono- 
phistes, ChroococoHS palltdus and others 

Another form collected a few miles off Benares possesses heterocysts, 
which sometimes measure as much as 10 5 long 
Genus No^loc Vaucher 

41 No^toc paludosum KUta Fr6my, op at , 1930, p 333, Kig 276 , 
Tilden, op at , 1910, PI 6, Fig 38 

Forma 

I„at ceU , 3-4 p , long cell , 3 8-4 8#i , Ut het , 6 6-6 4 ^, long 
Let ,6 0-8 p , lat spor ,4 6-6 4p , long spor , 6 4-10 p 

Habitat —In the stagnant water of a crop-ficld along with Nostoc 
ptsetnaU forma and others 

'fhe form differs from the tyiie in having bigger spores 

42 Noitoc Ltnckta (Roth ) Born et Flah Fremy, op at , 1930, 
p 333, Fig 270, Tilden, op at , 1910, PI VII. Fig 1 . West, Alga, 1916. 
Vol I, p 43, Fig 31, A-C 

Var arvense vai nov (Fig 4, A) 

Plant-mass gelatinous, expanded, presenting an uneven surface, 
yellowish-brown to blue-green , filaments numerous, flexuous , tnchomes 
frequently enveloiied by a lamellated and yellowish-brown mucilaginous 
sheath that follows their contour . cells spherical or barrel-shaped , 
heterocysts almost spherical, usually not enveloped by any mucilage , 
spores in long chains, more or less spherical with a brown outer wall 

Lat cell , 4-6 6 p , long ceU , 4 8-0 4 p , lat het , 4 8-7 2 p , 
long het, 4 8-G'4p, lat sjxir , 6-4-7 2p, long sixir , 7-8 p 

Habitat — On water-logged soil in a crop-field 

The variety is comi>arable to the tyiie on account of its possessing 
(1) flexuous tnchomes, (2) spbencal or barrel-shaped cells, (3) almost 
sphencal heterocysts and spores with a brown outer wall ; but it differs 
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from the same in the broader trichomcs and hetcroeysts, and in commonly 
IKW-iessing a lainellntcd and brown nuicilaginous sheath following tin. 
contour of tlie trichomcs 

43 Nosloc ptscinale KUt/. Fremy, op ul , 1930, 334, Fig 277 

Lat cell, 4-6 fi, lat het , 6 4-7 2/i, lat spor , O-lOp 
Habitat — In the stagnant water of a crop-field along with Nostoc 
paludosum and others 

The form differs from the t>pe m the slightU bigger dimensions of 
all parts 

44, Nosloc •ipongto'/orme Ag Freiin’, op cit 1930, ji 338, Fig 
279 « and b, Tildeii, op ctl , 1910, W VII, Figs 4 and 5 
Var tianans var nov (Fig ^,D) 

plant-mass thin, spreading, bhic-gucn , trichomcs loosely cnt,angled, 
sometimes individually cnctlopcd b\ Atllowish-brown mucilage, cells 
barrel-shaped, end-cell conical with a rounded aiiex , httcrocysts barrel- 
shaped or cylindrical with roumled or flat ends, broader than the tricliomes , 
spores lu long chains, cylindrical with rounded ends, sometimes ellipsoidal, 
rarely spherical, with a smooth hyaline onlci wall 

Lat cell , 3-3 6 /i , long cell , 2-3 5 p , lat het , 4 8-6 4 p , long 
het, 6 6-8 ft, lat spor , 4-4 8 /x , long spor 4 S-lO^c 

H.ihitat —On moist soil at tlie edge of a rain-water pool 
The vanety resembles the tviie lu the loosely entangled filaments, 
the barrel-shaped cells, the barrel-shaped or cylindrical hcterocysts, and 
the chains of ellipsoidal sixires , but it differs m haying a thin, blue-green 
and spreading stratum without any firm mucilaginous en\dope, narrower 
cells that are never cylindrical and smaller heterocysts and spores, the 
latter being cybndncal or sometimes spherical with a hyaline outer wall 
46 Nostoc elltpsosporum Rabenh Fr^my, op at , 1930, p 339, 
Fig 280, Tildeii, op ett 1910. PI Vll, Figs 9 and 10 
Var vtolacea var nov (Fig 4. C) 

Plant-mass gelatinous, irregularly expanded, daik-violet . filaments 
flexuous, loosely entangled, hght-violet , cells almost quadratic or cylin- 
drical, with constrictions at the joints , heterocysts almost spherical or 
barrel-shaped or cylindrical, with rounded or flat ends , spotes ellipsoidal 
almost spherical or cylindrii-al, with a hyaline smooth outer wall 

Lat cell, 3-2-3 8^, long cell, 2 4-8,*, lat het, 4-6 4/1, long 
het, 4-8-8>*, lat spor, 4-8-6 4 n long spor, 5 6-16p. 
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Habitot : — On the sides of the steps of a village tank, above water- 
level. 

The variety agrees with the type in tht flexuous and laxly entangled 
filaments, la the cylindrical cells, in the spherical or cylindrical hetero- 
cj’sts, and in the long ellipsoidal or cylindrical sjxires with a hyaline 
smooth outer wall ; but it differs in haviiig a darlc-violct stratum, narrower 
trichomes of light violet colour, comparatively shorter cells, smaller 
heterocysts, that are also barrel-shaped, and in the smaller dim'nsioas of 
the spores possessing a hyaline outer wall 

Genus Anabana Bory 

48 Anabana ambtgua Rao R.ao. " A new -pccies of ^nibxftj 
(Anabana ambigua sp nov)," Proc Ind Acad Set, I9'i7, Vol V, No 3, 
Sec B, pp 102 and 103, Figs 1 and 2 

Long vag, 300-600 (-1,000)/*, crass vag , 10-60/*, long tnch , 
250-300/*; lat cell, 4-9-6'0/*, long cell, 3 3-5/*, lat het , 0 4-9 
(-10)/*, lat, spot, 8 4-10 9/*, long spor , 13 3-16 2/* 

Habitat ■ — Free-floating or attacheil to grass-blades and roots of 
Lemna and Trapa in some ponds near the Bmares Hindu University 

47 Anabtena lyengan Blwradwflja Bhftradwija, " The Myxo- 
phyceoe of the United Provinces, India — I,” PrOc Ind di.ad Set , Vol 2, 
No 1, See B, 1935, Fig 6, H-K 
Var tenuis var nov (Fig 6, A~C) 

Plant-mass floccose, thm, free-floating, pale bluc-grcen Tnchomes 
single, straight or irregularly curved , cnd-cells conical with rounded 
apices CeUs barrel-shaped, as long as broad or slightly shorter or longer 
than broad Heterocysts more or less barred-shaped, sometimes sub- 
spherical Spores ellipsoidal or cylindrical with rounded ends, single or 
in iialrs on either side of a hetcrocyst, with a smooth hyaline outer wall 
I, at cell , 3 6- 4 6 /* , long cell ,5-6 4/*, rarely 7 5/*, lat het , 
4-8-6-4/*. long het, 5 2-9/*, lat spor. 7 5-9 6/*, rarely 10-5/*, 
long spor , 9-19- 5/*. rarely 21 /* 

Habitat —In a pond on the Umversity grounds, along with Dactylo- 
coceopsts raphtdiotdes forma, Calolhne marchica var intermedta, Anabana 
fertilusima sp nov , Osallatorta antmalis, Lyngbya Dtgcult and sterile 
filamenta of Otdogomum and Spirogyra 

The variety resembles the type m the barrel-shaped cells, conical 
end-cells with rounded apices, barrel-shaped hcterocysts and ellipsoidal 
spores, that are on either side of a heterocyst . but differs from the same 
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m having narrower tnchomes, smaller heterocysts and comparatively 
smaller spores (that are also cylmdncal) with a hyaline outer wall and 
situated singly or in pairs on either side of a heterocyst 

48 Anubana utttspora Gardner Geitler, op cit , 1930-32. p 901, 
Pig 680 A 

Var crania var nov (Pig 6, D and E) 

Plant-mass soft, mucilaginous Tnchomes free, long, more or less 
straight, tapering at extreme ends, constricted at joints , end-cells with 
rounded ajiiLes Cells cylindrical, sometimes almost quadratic Hetero- 
cysts single, cvhiidncal or cllijisoidal. sometimes pressed from both ends 
Spores single, adjoining heterocysts, long eUii«oidnl, sometimes pressed 
from both ends, with a smooth h\ aline outer wall 

r,at cell , 4 «-« 0 fi , long tnch , OOO-TOOp , long roll , 4 6-13 2 , 
lat het . 5-8 2 f», long het , 7.4-lC 5^, lat spor . 9 0-16 p. long 
spor , 23-31 6 ft 

Habitat — In a rain-water pool, along with stenle filcments of Sptfo- 
gyra and Oedogonium , floating on the stagnant water of a rice-field 

The variety agrees with the tyjxi in possessing cvhndrical cells, 
constnctions at septa, end-cells with rounded apices and single ellipsoidal 
spores on only one side- of a he-feroijst* , but it diflers from the same in 
having broader tnchomes an<l narrower spores with a hyaline outer wall 
49 inabtena aphamzomenotdes Forli Geitler, op cil , 1930-32, 
p 876, hig 656 

Var elhpiospora var nov (Fig 6, F and C) 

Thallus free-flo.itmg, thin, floccosc, pale blue-green Tnchomes 
single, straight or bent, tapering at the ends, with constrictions at the 
joints , end-iells conical with rounded apices Cells quadratic or upto 
three tunes as long as broad Hcteioeysts single, intercalary, ellipsoidal, 
rarely spherical Sjiores ellipsoidal sometimes pressed from both ends, 
one or two on each side of a hcterocyst, with a hyaline outer wall 

I, at tnch, 3 3-4 p, at top 16/*, long cell, 3 3-11 p, lat het, 
6-G G/i, long het, 6-11 6 /i, lat spor, 9 6-13 5/*, long spor, 
11 6-19 8 (-23) p 

* Since the author of Wnii/Iira h»s not given any idea of the ahape and the 

actual diineiislona of the heterocyata, it is not possible to compare them with those of the 
present form. But the ori(Uiat hgure of the type shows that the hetcrocysts are cylindrical 
as found in the form under discussion The Benares alga, however, possessea ellipsoidal 
hetcrocysts as well 
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Habitat — In a rain-water pool, along with Aulostra Fntschit, Cosma- 
rtum sp , Closterium sp , and several others 

The variety agrees with the type in possessing quadratic and cylindri- 
cal cells, ellipsoidal heterotysts and one or two spores on each side of 
a heterocyst, the former with a hyahne outer wall , but it differs in the 
slightly narrower tnehomes, in the absence of gas-vacuoles in the cells, 
in the longer heterocysts and m the bigger ellipsoidal sjxires 

50 Anabana sphcer%ca Born et Blah var atUnuata BhAradwaja 
BhAradwAja, op ett , 1936, 104, Fig 5, 0 and H 

I,at trich , 3.3-6,i , long cell , 3 3-4/r , lat het .4 8-0 4 1-75)/*, 
lat spor . 10-12/1, long six>r , 9 8-14 0/* 

Habitat — On soil submerged in water at the edge of a pool 
This variety, as originally reported, possessed only single sjiores on 
either side of a heterocyst. but in the present form, sports are also met 
with m pairs on each side of a hetcroevst 

61 Anabana ferlUtssma sp nov (Fig 0, A-C) 

Trichomes single, straight or bent, with almost rounded tnil-tells, 
tells barrel-shaped , hetcrocysts almost spherical , spores in long chains, 
often making the whole tncliome sporogenous, adjoining the hdcroiysts 
but developed centrifugally , almost spherical, with a smooth hyaline 
outer wall 

I.ong inch, upto 350/*, lat trith , V5 0/*, at apex 4/t, long 
cell , 4-8-8/* , lat het , 0 4-8 4 /* . lat sjKir , 4 8-8/*, long spoi , 

3 2-8 8/* 

Habitat . — In a pond on the University grounds, along with Daclvlu- 
coccopsts raphidtoides forma. Calolhrtx mirchica var tttUrniedia . Anabana 
lyengari var Unws, OsexUatona antmahs, I.ynghya Dtgeuh and stinle 
filaments of Sptrogyra and Oedogoniwn 

The important feature in this alga is the formation of spores in long 
chains, so much so that practically the whole of the trichoma becomes 
sjiorogenous. It comes close to Anabana sphanca Born ct Flah on 
account of the barrel-shaped cells, rounded end-cells and spherical hetero- 
cysts and spores , but it dillcrs in the sjjores being smaller and formed in 
long chains In the presence of spherical heterocyst? and spores in chains, 
the present alga agrees with Anabana gelahnxcola Ghose, but it differs 
from the Lahore form in the presence of narrower tnehorais that are 
never coiled, rounded end-cells and much longer chains of suualler spores 
adjoining the heteroc-ysts The barrcl-ahaped cells and the chains of spores 
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characteristic of this alga also recall Anabana variabtltt K&tt., A. an4gi- 
HOSii Gatflner, A lyengjn Bh&radwAja, and A dohotum Bh&radwftja, but 
it differs from atl these four species iti the spores being spherical. It 
further differs from the former two species in the presence of spores 
adjoining the heterocysts and from the latter two species in possessing 
spherical heterocysts 



Fio «. i4— TcgeUtive and B ft C— iporogenout portion! of filament! of 
ftrhluttDU) IP. nor. All X 875, 
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(5. Osctllatonacece 
Genus Sptrultna Turpin 

62. Sptfulina platensts (NonLst ) Gora Geitler, op c/< , 1930-32, 
p 922, Fig 690 d , Fr6my. op at , 1930. p 232, Fig 206 

Var var nov (Fig 7. A and B) 

Pfent-mass greyish-brown , trichomes pale blue-green, of uniform 
width, In regular siiirals, without con-strictions at the joints , cnd-eells 
with rounded apices , cells dist-shaped 

Lat tnch, 6-l-6-4p: long cell, 10-2 5 (-3-3) /i, lat spir , 
30-43 1* : spat inter dno spir , 40-52 p 

Habitat- — In a waste-water drain, in a pond, along with Osctlla- 
toria chalybcti, Rajghat 

Tile vanetv agrees with the ttjie in the uniform width of the 
trichomes, m the rounded apices of the end-cells, m the sjurals being 
regular, and i.n the distance between the spirals , but it differs on account 
of the narrower trichomes, the broa<lcr spirals, the coinpatativtly «hoiter 
cells, and the absence of constrictions at the septa 

63 Sptrultna major Khtz Geitler, o/> at , 1930-32, p 930, 
Fig 696, Fr^mv, op ett . 1930, p 235, Fig 208, Tilden, op at, 1910, 
PI IV, Fig 46 , Frimv, op at , 19.14, PI 31, Fig. 18 , Carter, " A corap.a- 
rative study of the algal flora of two salt marshes. Part II,’’ Journal of 
Ecology, Vol XXI, I, 1933, p 159, Fig 2 . Ghose, op at , 1926, PI VI, 
Fig 3 

Lat tnch, 1-1 4p, lat spir, 3-2-3-5fi. sjiot inter duo spir, 
2 4-3. 3p 

Habitat On moist soil along with other nlgie , planktonic in the 
tank of the Benares Elcctnc Light .and Powrr Supply Co , Ltd . along 
with Chroococcus lurgtdus, C mtnutus and Mmsmoptdta tenuisstma 

Genus Osallatona Vauch 

64. Oscillatorta sancta (Ktltz ) Gora. Fr^my, op at, 1930, p 210, 
Fig 177; Tilden, op ett , 1910, PI IV, Fig 5, Carter, op ctf , 1933, 
p 169, Figs 11 and 12. Geitler, op at., 1925, p 366, Fig 418 

Lat ceU., 10-16ji: long cell , 2-6-4. 8,* 

Habitat’ — On moist soil amidst flower pots m the Green House, 
University Botanical Garden, along with Osallatorta Ulrtchtt , on moist 
•oil along with Oscillatorta fortnosa 
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Lat cell . 9'6-l 1-2^ , long cell, 2-4 /t 
The form has no coastnctrona at the joints 

66 Osctllatona obscura Brilhl and Biswas "Algae of the Bengal 
Filter-beds,” Journal oj llu Department oj Science, Calcutta University, 
1922, Vol 4, PI II, Fig 9 

lyat cell , 4- 1-4 8 , long cell , 1-1 3 /» 

Habitat —On wet soil along with Navicula sp 

5fi Osctllatona angutna (Bory) Com Geitler, op ctl , 1930-32, 
p 945, Fig 599 6 

Lat tnch , 6 d-S 2 , long cell , 1 . 5-2 6 /i 

Habitat —In a waste-water drain ; in a ram-wattr puddle. Chunar 

57 Osctllatona chalyhea Mertens Geitler, op at , 1930-32, p 956, 
Fig 608 6 

Lat cell ,7-9 6 ji, at top 6 (f n , long cell ,3-6 6 

Habitat —On wet soil, along with Osctllatona homngenea, Mussoorie 

58 Osctllatona tenuis Ag Geitler, t.»< , 1930-32, p 960, Fig 611 ,g, 
Tilden, op at , 1910, PI IV, Fig 17 

I.,at cell ,4 5-0 6 p. , long cell , 2 6-6 #» 

Habitat —On moist soil , in a road-side water course, Shivpur, 
Benares, along with other algw , in rain-water ditches on waste ground 

59 Ofictllaiorta pseudogemtnata G Schnndle Geitler, op at , 
1930-32, p 966, Fig 610 

Lat cell ,1 6-1 8fi, long cell , 1-2 jt 

Habitat — On moist soil 

Forma 

Lat tnch , 1 6-2 n . long cell , 1 • 8-6 n 

Habitat — In stagnant water of a ditch near a well 

The form possesses much longer cells as well 

00 Osctllatona quadrtpunctulala Brilhl and Biswas Brilhl and 
Biswas, op at , 1922, p 6, PI I, Fig 6 , Biswas, " Road Slimes of 
Calcutta,” Jour Dept Set , Cal Untv , 1925, Vol VII, p 10, PI II, 
Fig Ua-d, Geitler, «<, 1930-32, p 966 
Lat trich,, 1 6-1 8/*; long cell. 8-6 Ip 

Habitat — On moist soil along with other algae ; in a pond along 
with other algae 



The Myxophycea of the Umled Provinces^ India^IJ I 367 

01. OsctUatona homogenea Fremy Fr6tny, op cit , 1^30, p 221, 
Fig. 184 

Lat. cell .3 3-3.5 ^ . long cell . 3 6-4 6 n 

Habitat — On wet wil, along with OiCtllatorta chalyhea, Mussoonc 

62 OsitUaloria Okem Ag TiWcn, op at , 1910, PI IV, Fig 36 , 
Geitler, op cut , 1926, p 372, Fig 463 

Lat cell .5 5-6 6 , long cell ,3-4 .5 

Habitat —On moist soil along with Osctllaiona tancta and others , 
on water-logged soil 

63 OsctUatona formosa Borv Geitkr, op ctl , 1930-32, p 970, 
Fig 619 A 

I,at tnch , 4 6-6 C yt , long cell , 1 8-4 6 /t 

Habitat —On moist soil, along with Osctllaiona pseitdogemtnaia , on 
moist rocks, along with Phormtdmm subfuscum, Mussoone , on moist soil, 
along with OsctUatona sancta and 0 prtneeps , on soil, along with other 
algte, in a waste-water drain 

64 OsctUatona clartcentrosa Gardner Geitkr, op at , 1930-32, 
p. 964, Fig 616 e 

Forma htgranulala form nov (Fig 7, C) 

Bat tnch , 2-2 .6fi , long cell , 6-10^ 

Habitat —In stagnant water of a dram, along with sterile filaments 
of Sptrogyra and Oedegontum 

The form differs from the t>pc in the presence of two granules on either 
.side of a cross-wall and in the tnchomes showing a ineire gr.-idnal tapering 

65 OsctUatona rubescens DC Ge-itler. op at, 1930-32, p 973, 
Fig 620 a and b 

Forma. 

Bat, tnch , 4 8-6 4 ft , long cell . 1 2-4 /t 

Habitat - On wet soil, Chiinar 

But for the presence of narrower triclionios, the Benares form agrees 
with the tvlje m all respects 

66 Osctllaiona Leinmcrmannt Wolosz Geitler, op at , 1930-32, 
p 969, Fig 618 1 

I,at tnch ,2 2-2 8/t , long cell . 2-6-6,t 

Habitat — On moist soil alonp with Phormtdtum Jadtnianum forma 

67 OsctUatona anmalts Ag Geitler, op at , 1930-32, p 960, 
Fig 603 « 
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I/it trioh , 3-6-8-3/*; long cell.. 2-S<3 /k. 

Habitat : — On the mojst sides of the cemcnteil pavement of a well ; 
in a pond on the University grounds, along with Daclylococcopsis raphf 
dtoide^ forma, Calothnx tnarchtca var intermedia, Anabana ftriiltstima 
sp nov , A lyengan var. Unius, Lyngbya Dtgetitt forma and sterile 
figments of Spirogyra and Oedogontum , in a ditch along with Oscillatoria 
sancta and others 

68 OsciUatma acuminata Gom Tilden, op. cit , 1910, PI. IV, Fig 29. 

Forma 

r.,at cell . 3-3-8/t ; long cell., l-3-8fi 

Habitat — On moist soil. 

The form differs from the type in the smaller dimensions of the cells 

09 OsctUalorta saltna Brahl and Biswas Geitler, op at , 1930-32, 
p 979, Fig 624 

Lat, cell . 8-3-4-8/x , long cell , 1 6-2#t 

Habitat — In earthen water-pans in a green house, along with Cyhndro- 
spermum tndtea and Coccontes sp , on moist soil m a dram, Cantonment 
area , on moist soil, Umversity area 

Unlike the type, the Benares alga is a fresh- water form 
Genus Phormtdtttm Kilti 

70 Phormidtum Bohnert Schmidie " Beitrege lur Algcuflora Afnkas," 
Englcr’s BotantsM Jahrbucher, 1902, 30, Taf. II. Fig. 11 

Forma 

Lat fU.. 3-3 7/t; lat cell, 2.2-2.8/1, long, cell, 1 6-2 8p 

Habitat — On the cemented surface near the waste-water outlet of 
a house, Ramnagar 

The form differa from the type m the presence of the broader and the 
closelv entangled filaments with a persistent sheath 

71 Phormtdium cebennense Gom Frtmy, op «/ , p 147, Fig 129 

Lat tnch , 1 • 8-2 p ; long cell , 1-2 /*. 

Habitat.— On the plinth of the College building near the outlet of 
a drain, along with Phormtdium anomala sp nov 

72 Phormtdtum mucosum Gardner Geitler, op nt , 1930-32, p 1012, 
Fig 646 6 

Var aroense var. nov (Fig 7, D and E). 

Plant-mass thick, fragile, blue-green to greyish-blue Filaments loooety 
entan^ed. Sheath thick, firm, hyaline, unstratified. Trichomes of uniform 
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width, not constrirtcd at the joints ; at>ical cells with rounded apices, 
without colyptra or cap. Cells quadratic or almost quadratic or slightly 
longer tljan broad. 

Lat fil , 3 2~5-2n: crass vag , upto 2/4, lat tnch , 1 8-2 6/t, 
long cell , l'5-.3"6 fi. 

Habitat ; — In stagnant rain-water of a crop-field 

The variety agrees with the tvpe in all respects except that it has 
narrower filaments and tnchoines, the latter possessing shorter cells 

73 Phoimuiium Releu (fig) Gom Geitler, ctl , 1930-32, p 1012, 
Fig. 647 a~d. 

I, at fil , 4 3-7/1 , long cell , 4 B-R/x 

Habitat —On the sides of the water storage tanks of the Benares 
Water Works , on moist stones near tlie dam, I,atif Shall, Benares State 

74 Phormtdeum ambtguum Gom Geitler, op cti , 1930-32, p 1012, 
Fig 647 « , Gbosc, '* The Mvxophycese of Rangoon, II," Jovm Burma 
Res Soc , 1927, Vol XVI, Part III, pp 230-26, PI XI, Fig 4 

Fomht 

Lat cell , 3'4/i , long cell , 1-3-2 8/i 

Habitat On the sides of the cemented water reservoir. University 
Botanical Gaidcn 

The form has slightly narrower tnchomes than those of the type 
76 Phomitdtum subincrustatum Fritsch and Rich Fntsch and Riih, 
“ Contnbutions to our knowledge of the Fresh-water Alg» of Africa, 7, Fresh- 
water at ga * (exclusive of Diatoms) from Gnqiudand West,” Trans. Roy Soc. 
S Afnta, 1929, Vol VXHI, Parts 1 and 2, p 84, Fig 27 /-L 

Lat tnch , 4'7-6'8/i , crass vag , upto 0 5/i ; long cell .2 6-8 /x 
Habitat — On moist soil, along with Mtcrocohus ckthunoplastes and others. 
76 Phormtdtnm subfuscum Kfltz Geitler, op ct( , 1930-32, p 1023, 
Fig 6B2rf-g 

I^t cell , 8.4-11.7/x. long cell , 1-3-3 /x 

Habitat .—On moist soil, along with Osallalrta formosa 

The calyptra in this form is rounded instead of being pointed. 

77. Pkormtdiim favosum (Bory) Gom Geitler, op cel, 15(30-39, 
p. 1023, Fig 662 a and b 
Forma, 

Lat. cell, 4-6 /x; long cell , 2- 4^3-6 /x. 

Habitat On the sides of a big water reservoir. 
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The fonn exactly lesembles the type except for the presence of shorter 

cell? 

78 PhnymtiUum aulumnaU (Ag ) Com Ceitler, op ctt , 1930-32, 
p 1023, Fig 062 k and / , Fremy, op ctl , 1934. Pi 24, Fig 4 , Carter, 
op cit , 1933, p 166, Fig 7 

Lat cell , 4-4-8/* , long cell , 2 4-4 8p 

Habitat — On the stony step? of a tank near water-level 

79 Phortnidium anomala sp nov (Fig 7, F-I) 

Thallus thick, expanded, soft, mticilagmou*, deep bliic-grcen to green 
Tnehomes sub-parallel, of uniform width, without constiictions at the joints 
Sheath thin, colourless, unstained with chlor-zinc-iodide, jicristent or 
dissolved Cells disc-shajwd, much broader than long , end-cells bluntly 
rounded, wnthout cap or calyptra 

Crass strat , 3-0 mm , lat tnch , 8-10^, long cell, 0 8-12 [-2) fi 

Habitat —On the plinth of the College building, ne.-ir the outlet of 
a dram, along with Phormultum eePennense 

This alga approaches Phormtdtum ambtguwn Com and Phormtdtum 
submcrustutim Fntsch and Rich m the proseme of an expanded stratum, 
the uniform width of the tnehomes, the absence of constnctions at the 
joints, and the rounded apices for the end-cells, which are without a caji 
or calyptra , but it differs from both these specie* m having shorter and 
wider cells * It further differs from the former species in the filaments 
being more or less jiarallel, the sheath being always thin and unstratified, 
and remaining unstained with chlor-zinc-iodide, the alisence of granules 
near the septa and of the gas-vacnoles in the cells The Benares alga, 
while further agreeing with Phormtdtum subtncruslatum in the sub-parallel 
tnehomes and the thin, diffluent and unstratifieil sheath, differs from it m 
the thallus being thicker and without any impregnation of lime 

Genus Lyttgbya Agardh 

80 Lyngbya gracilis Rabenh Geitler, op ctt , 1930-32, p 1040, 
Fig, 667 a ; Fr4my. op ctl , 1934, PI 26, Fig 3 

Lat fU , 8-H 8/1, crass vag , 0 8-1-8/t, lat trich , 6-6-8 3/i, 
long cell , 2-6 ■ 4 /i. 

Habitat — In the water storage tank of the Benares Water Works, 
along with ChamostphoH stdenphtlus var glabra 

» FrltKh «nd Rich have not mentioned the length ot the ceOi la Phormidmm tubtn- 
cruslatum, but their figure* ihow them to be ahorter than broad or almoit quadrabc. 
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81. Lynghya sptralis Geitler, , 1980-32, p 1042. Pig 669 

I,at, Cl, 6-5-8<i, crass vag, O-S/t, lat trich , 4-8-6/*, long, cell., 

1 6-2 6/1 

Habitat —Planktonic m a rain-water pool, along with Aphanothtce 
bullosa. 

82. Lvngbya limntitca Lcmm Ivtmniennann, op ext, 1910, p 102, 
Fig 8 

Lat hi , 1 5-2/1 , lat cell , 1 2-1 6/i . long cell , 1-2 6/i 
Habitat —In an ornamental water reservoir of a private garden, along 
with Mtcrocyslis esrugmosa var. elongata, Osctllaiorta Ann/s and Oedogonxum sp. 

83 Lynghya dendrobia Bilihl and Biswas “Coramentationes Algologicse 
ii algw eptphyticee epiphloite indic» or Indian Bark Alges,” Jour Dept. 
Set , Cal Untv . 1923, 6, PI III, Fig 11 a-c , Geitler. op ett , 1930-32, 

p 1081 

Forma 

Lat fit, 9 0-13 2 /*, crass vag , 0 8-3 /* , tat tnch , 6-6-8 8/i, 
long cell , 4-8 /i 

Habitat —On moist soil, spreading among Rtccia sp and grass blade 
The form differs from the type m possessing narrower tnehomes and 
thicker sheath 

84 Lynghya cortxcola Brflhl and Biswas Btfihl and Biswas, op ctl , 
1923, PI IV, Figs li a-d , Geitkr, op at, 1930-82, p 1062. 

Lat fil , 18-4-25 6/i, crass vag, 2-4-8/t, lat cell, 10 4-12-8/*, 
long cell , 4-8/1 

Habitat — On moist soil. University area 

The form differs from the type in the sheath being very thick and 
stratified. 

86. Lyngbya astuartx I,icbm var arbxtstxva Brfihl and Biswas Brfihl and 
Biswas, op at , 1923, Pi II, Fig 9 a-o ; Geitler, op ctl , 1930-32, p 1063 
Lat fil, 22-8-26-4/*, crass, vag, 2-6-4/*; lat. tnch, 16-18/*, 
long, cell , 4-6-8/* 

Habitat :— On the bark of Eujenia Jambolana by the side of the road 
leading to Allahabad 

86. Lynghya arbortcola Brfihl and Biswas. Brfihl and Biswas, op. c^., 
1923, PI. Ill, Fig. 10 a~o , Geitler, op cU , 1932, p. 1063 
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I^t fil , 19 2-23/i«, crasb vag , 2-4 /* , lat tnch , 16-17/1, 
long cell , 4-6 • 4 (-9) /i 

Habjtat —On the bark of Mangtfera indtca along with Lyngbya 
trumcola 

87 Lyngbya trumcola Ghose Chose, op cii , 1923, PI 31, Fig 6 
I,at fil. 16-16 6/1, crass vag, 0 8 /i , lat tnch, 12-16 /i , 

long cell , 1 • 5-4 5 /i 

Habitat —On the bark of Bassta lali/olta and Mangtfera itidtca, cither 
singly or along with Lyngbya arhortcola. University Botanical Garden 

88 Lyngbya rttbtda Ftemy Fr^my, op cil , 1930, p 185, Fig 165 
Forma 

lAt fil , 6-8 /I , lat tnch . 4 &-6 /i , long cell , 4-8 /i 
Habitat —In a stagnant iiond 

The form differs from the type in having slightly broader trichoraes, 
shorter cells and a hyaline sheath 

89 Lyngbya ccylantca Wille Oeitler, op ctl , 1930-32, p 1056, 
Fig 668 a, Ghose, "On a collection of Myxophyce® from Mergui and 
some neighbounng islands," Journal of the Burma Research Society, 1927, 
Vol XVir, Part HI, pp 244-51, Pi III, Fig 11 

lyat fil, 12-8-19/1, crass vag, 3 2-4/*. lat tnch, 9 6-112/*, 
long cell , 4 8-6 4 /* 

Habitat — On moist soil along with Microcoleus chlhonoplastes 
The sheath m the Benares form is thicker than tliat of the type 

90 Lyngbya lutea (Ag ) Gom Geitler, op cit , p 1068, Fig 670 a and 
b, Vikmy, op cit , 1934, PI 28, Fig 4 *i-c , Carter, op cit , 1933, p 164, 
Figs 5 and 6 

l,at fil , 4 8-6 /* , lat tnch , 3 8-4 /* , long tell , 2 • 4-3 8 /* 

Habitat — In a cemented drain. University Botanical Garden 
The sheath in this form is thin and unstratified 

91 Lyngbya Digeutt Gom. Geitler, op ett , 1930-32, p 1038, Fig 666 e 

Lat fil, 1-6-2 3/., lat trich , 1 4-2-2/*, long cell, 1 6-3 2/* 
Habitat —In a pond on the Umversity grounds, along with Dactylo- 
coccopsts rnphidtotdes forma, Calolhnx marchtca var, intermedia, Anabana 
lyengan var tenuis, A feriilissima sp nov , Osctllatoria anmalis and 
sterile filaments of Spirogyra and Oedogomum 

The form is characterised by the possession of nanower filaments. 
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92 Lyngbya oonfervotdet Ag. Tllden, op eU , 1910, PI. V, Pig 39 , 
Fr6my, op ctt , 1934, Pi. 28, Fig 2 ; Carter, op cU , 1933, p 162, Fig. 11, 

1 and 2 

Lat fil., 19 8-23-2 /i, crass vag , upto B/*; lat trich , 13 2-19-2 fi ; 
IcMig cell , 2-4 n 

Habitat -—In an ornamental reservoir of a private garden under the 
shade of the closely spreaduig leaves of Nfluntbtum sp. 

93 Lynbgya arugineo-foerulea CKUt* ) Com, Fr^my, op ctt, 1930, 
p 193, Fig 167 , Ghost, op ctt , 1926, PI VI, Fig 7 

Irfit fil , 6-4-8;t, lat trich, B-1-6 4^, long cell, 1-8-4 8 (-6-6) p. 
Habitat —In a stagnant pond, Chitnar 

94 Lyngbya putealts Mont Geitler, op ctt , 1930-32, p 1063, 
Fig 616 b. Fr^my, op ctt , 1930, p 193, Fig IBOa and b 

I,at fil, 8-11 2/1, crass vag, upto 0-8fi, lat tnch , 6 4-9 6, 
average 8 /i . long cell , 3-10 6 ft 

Habitat —In the stagnant water of an irrigation channel, Ramnagar 
96 Lyngbya Martenstana Menegh Geitler, op ctf , 1930-32, p 1064, 
Fig 676 
Forma 

I,at fil, 8-8 8/1, crass vag., 0 8/i, lat trich, 6 6-6 4 /1, long 
cell , 2-4 8/1 

Habitat —On water plant at the edge of a rain-water pool 
The form differs from the type in the sheath being always smooth and 
the cells being sometimes longer 

90 Lyngbya stagntna Kfttz Geitler, op ctt , 1930-32, p 1066, 
Fig 679 6, 

Forma 

I.,at fil , 10-12/1 , lat. trich , 8 6-9-6/1 , long cell , 6-10/i 
Habitat —In a stagnant puddle by the side of the River Ganges along 
with Cladophora sp and Gomphonema sp 

The form differs from the type in having narrower trichomes and longer 
cells* without granules near the septa 

* From the deKnption of the tjrpe it it clear that the celU are much tfiorter than 
broad, butSkuia’iagureihowathecetie tobe almCtt quadratic or onl/ etlghtlr shorter 
than broad, juit like those of the form under dlKutelon. 
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97 Lyngbya major Mencgh Tildw, op cti , 1910, PI 6. Fig 46 , 
Oeitkr. op'ctt, 1930-82, p 1066. Fig 679 «, West, op nt , 1916, p 12, 
F^, 28^ 

I,at. fU., 19<2-20'8f». crass vag , S-i-ifi, lat tnch , 12-8~14-4fi, 
long cell , 2-4 p 

Habitat : — On moist sod in shade 

Genus Symploca Kfltrmg 

98. Symploca murahs Kfltz Geitler, op ctl , 10.60-32, p 1125, 
F^. 732 ; Fr6ray, op. at , 1930, p 129, Fig 113 a and 6 , West, op at.. 
1916, p 23, Fig 16 £. 

Forma 

Lat fil., 6'2-7.6 p , crass vag , upto 2.6 p , lat tnch , (3 2-) 4-6 p , 
long cell . 2 4-6 6 p. 

Habitat —On moist sod. University area 

The form differs from the tvpe in having broader tnchomes and some- 
times longer cells 

Genus MicrocoUus Desmameres 

99 Mtcrocoleus chthonoplasies Thoret Geitler, op at , 1930-32, 
p 1134, Fig 739 ; Carter, op ett . 1933, p 166, Figs 16-17. 

Diam hi, 30-100 p, lat vug, 16-66 p, lat cell, 4-6 p, long cell. 
4-8 p 

Habitat —On moist sod along with other aigse 

100 Mtcrocoleus soctatus W et O S West Fi^my, op ett , 1930, 
p, 83, Fig 86 a and b. 

Diam fil, 30-48 p, lat vag, 2-10 p. lat tnch, 2'4-2-8p, long 
cell, 4 8-6p 

Habitat —On moist sod along with other alga 

The writer takes this opportunity to express his great indebtedness 
to Professor Y BhAradwija, for his kind guidance and criticism throughout 
the course of this investigation 
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India produces a large variety of oilseeds in abundance Among them, 
groundnut is of supreme imixirtance as it occupies a third of the total area 
under cultivation of oilseeds The total production is more than three 
million tons which represents nearly half the world’s output of this seed 
The seed is eaten as such or after being fried But the main use of 
groundnut is for its oU which is nearly 60 per cent of the seed 'The cake 
which IS available in large quantities is mainly used as cattle food or as 
manure Many workers have pointed out the high nutntive value of ground- 
nut cake for human consumption (Daniel, 1917 , Wallis, 1917) Johns and 
Jones (1916-18) and Daniel and Menaul (1921) have isolated the proteins of 
the groundnut cake and analysed them In India there has been practically 
no work on the nature of the proteins of oilseeds The only sohtary reference 
to oilseed proteins is that of Narayana and .Srimvasaya (1956) on the proteins 
of sandal seed, which though edible is not used as a food-stuff In this investi- 
gation, therefore, an attempt is made to get an idea of the nutritive value of 
groundnut cake by making a complete and detailed analysis of its proteins 
Material — ITie seeds of the two common varieties of groundmit, I/xail 
and Sjianish, were emjiloyetl The oil was expressed m a local gham and the 
cakes obtained were iittliaeil for the isolation of proteins Below are given 
the analyses of the two cakes used in this investigation 


Tabek I 


1 

Local 

Spanish 

Moisture . 

4 31 

6 66 

*Ash 

4 18 

4 83 

Ether Extract .1 

20 84 ' 

10 06 

tCnidc Protem (N X 6 26) 

62 50 

62 22 

(Trade Fibre 

2 42 

3.42 

Carbohydrates 

16 76 

13 -62 


100 00 

100 00 


• Siiid • O'SO 0 81 
t Nitrogen . 8 40 9 9S. 
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ExpmmetUal. 

At the preliminary experiments showed that the presence of even a 
small quantity of oil in the cake exerts a strong inhibiting action on the 
peptisation of the proteins, the cake was extracted with ether to make it 
completely free of oil. 76 per cent of the total nitrogen was extractable 
with 10 per cent, sodium chloride solution at room temperature and most 
of it could be precipitated as a globulin 
Isolation oj tJie Proteins — 

Totai Globuhns — The cake was extracted with 10 per cent saline solu- 
tion. Total globulins were isolated from this extract by (i) dilution and 
acidification with acetic acid, (n) by dialysis and (iii) bv saturation with 
ammonium sulphate Three preparations were thus obtained 

Arachtn and Conarachtn —Johw and Jones (1916-18) have shown that 
two globulins — Atachin and Conarachm— can tie obtained from the saline 
extract by fractional precipitation with amniomnm sulphate. The saline 
extract of the cake was saturated with ammomum sulphate to 0-26 satura- 
tion The precipitate of Arachm obtained was redissolved m 10 per cent 
saline solution and was reprecipitated from this either by dilution and 
acidification or by dialysis Thus two preparations of this protein were 
obtained 

Conarachin was obt.iined by dialysing the filtrate from Arachtn against 
cold distilled water to make it free from ammonium sulphate Another 
preparation of the same protein was prepared by fudy saturating the filtrate 
with ammonium sulphate This was redissolved m 10 jier cent saline 
solution and dial>’3ed 

All the above preparations were washed with distilled water .several 
and dehydrated by washing with graded strengths of alcohol and 
finally by ether The preparations were dned in vacuum and powdered to 
pass through a lOO-mesh sieve. All the preparations were light powders, 
greyish white in coUnir, Arachin consUtuted the major part of the total 
globulins of groundnut, its yield being ten tiroes that of Conararbin 

llie' table below gives the average of duplicate elementary analyses of 
the various preparations of the three proteins from each of thi two 
varieties. 
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Tabi,B II. Total Globulins 


Preparation No. . 

Method 

Local J 

Spanish 

I 1 

11 

in 

I 

II 

ID 

Dialyaiej 

Dilution 

Salt 

Satura- 

tion 

Dialysis 

Dilution 

Salt 

Satura- 

tion 

MoUture 

7 60 j 

8 20 

7 18 

6 80 

7 56 

0 41 

Ash 

0 63 

0 70 

0 67 

0 61 

0 60 

0 64 

•Nitrogen 

17 77 

17 74 

17 66 

17 67 

17 62 

17 63 

•Sulphur . 

0 42 

0 38 

0 43 

0 40 

0.43 

0 39 


Arachtn 


Preparation No 

Methoil 

Local 

j Spanish 

I 

i « 1 

I 

II 

Dilution 

Dialysis 

Dilution 

Dialysis 

Moisture . 

6 08 

7 60 

6 08 

6'42 

Ash 

0 18 

0 16 

0 22 

0 18 

•Nitrogen . 

17 96 

17 88 

17 89 

17 83 

♦Sulphur 

0 38 

0 40 

0 40 

0 36 


Conarachn 


Preparation No. , . 

Method 

Local j 

Spanish 

I 

II 

I 1 

II 

Dialysis 

Salt-Satu- 

ration 

Dialysis 

rSalt-Satu- 

ration 

Moisture . 

7 92 

908 

10 02 

8-82 

Ash 

1-99 

148 

1 96 

1.64 

•Nitrogen 

16 06 

16 97 

16 80 

16 96 

•Sulphur 

096 

0-99 

101 

0.97 


On aih and moiiture free baili. 
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Analysit of Proteins.— 

All the proteins were analysed by Van Slyke's Nitrogen Distribution 
Method (1911) as modified by Plimmer and Ros^ale (1926), Knaggs (1923), 
Daft (1929) and Thimman (1926) Every step such as acid hydrolysis, 
precipitation by phosphotungstic acid, etc , has an important bearing 
on the final results It was found that 48 hours digestion with 20 lier cent 
hydrochloric acid was sufficient to complete the hydrolysis, le , to yield 
the maximum amount of amino nitrogen After removal of acid as completely 
as possible, the amount of solid calcium oxide added to neutralize 
the slight acidity of hydrolysate and to set free all the amide nitrogen 
was throughout kept at 3-6gm i>er 1000 mg nitrogen Again, the volume 
in which the precipitation of the bases bv phosphotungstic acid was allowed 
to take place was 200 c c containing 350-360 mg of nitrogen and enough 
hydroihlonc acid to make it exactly normal Thus the concentrations of 
calcium chloride, nitrogen and acidity were controlled Tlie solution was 
first heated to boiling, to which was added a boiling solution of phospho- 
tungstic acid When this was done in cohl, as described by Van Slyke, the 
precipitate could not be redissolved by heating on the water-bath 

The following tables give the average of duplicate analyses of the various 
preparations of the three proteins from each of the varieties 

It will be seen that the analyses of the various preparations of the 
three proteins from each of the two varieties of cakes agree with one another 
This shows that all the preparations of each protein are equally pure There- 
fore, the preparations were mixed and used for the separate estimation of 
arginine, cystine, tyrosine and tryptophane, as described below 

Arginine —Tim was estimated directly in the acid hydrolysate of 
protein after removing ammonia by lime according to the method of Plimmer 
and Rosedale (1926) who have shown that the arginine value as obtained 
from the basic fraction of Van Slyki ’s analysis is lower than the true value 
as obtained by direct estimation m the hydrolysate 

Cyshnr.— Plimmer and Lowndes (1927) have shown that only 40 pet 
cent of the cystine is precipitated by phosphotungstic acid along with the 
other bases Hence this was estimated by the Folm and Marenzi (1929) 
method as modified by Remington (1930) 

Tyrosine and Tryptophane —Taes^ were estimated according to Fohn 
and Marenzi’s micro method (1929) m which tyrosine is separated from 
tryptophane by the precipitetion of the latter by mercuric sulphate 
Table IV gives the percentage of these amino-acids in the two varieties 
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TABtK in 

Nitrogen Distribution tn Proteins (tn Percentage of Total Nitrogen) 
Total Globidm 



Local 

Spanish 

Preparation No. 

I 

11 

III 

I 

11 

HI 

Method 

DialysU 

Dilution 

Salt 

Satura- 

tion 

Dialysis 

Dilution 

Salt 

Satura- 

tion 

Melania, inaol 

0 60 

0 48 

0 68 

0 71 

0-67 

0 60 

Melanin, adsorbed by 
lime 

0 02 

0*87 

100 

0 49 

0 63 

0-58 

Amide 

n 47 

11 62 

10 87 

11 87 

11-26 

12-03 

Baeui : — 




j 



Ai^inine . 

22 86 

21. 08 

23-08 

21-64 

22 17 

23-03 

Histidine 

2 23 

2 SO 

2.66 

2-47 

2-21 

2-68 

Lysine . 

4 90 

603 

4 69 

6 10 

4 80 

6-40 

Cystine 

0 66 

0 69 

0 44 

0 54 

0-60 

0 67 

Non-Basto 







Ammo . 

64 40 

54 82 

56-48 

63 77 

64 16 

63-04 

Non- Ammo 

1 02 

2 06 

1-63 

1 93 

1-96 

2 03 

TOTAt . , 

09<86 

too 34 

jlOO 23 

08-52 

98 38 

99-76 
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Local 

Spanish 

Pr^Mnttion Ko. . 

I 

II 

I 

11 

Method 

Jhalysis 

Dilution 

Dialysis 

Dilation 

Melanin, inaoL 

0.3fl 

0-29 

0 66 

0 34 

Melanin, adsorbed by 




0 63 

lime 

0 47 

0 73 

0 29 

Amide 

11 63 

11 03 

13 82 

10 02 

Ba$ie 





Arglmne . 

32 60 

23 60 

22 37 

21 87 

Hktiduie 

313 

2-85 

3 03 

2'80 

Lysine 

401 

4 38 

4 40 

4 97 

Cystine . . 

047 

0 67 

0-47 

0 66 

Ifon-BoHe — 





Amino 

66 98 

56 06 

64 '62 

66 44 

Kon'Amino 

307 

1 61 

1'76 

2 29 

Total . . 

101 83 

100 13 

100 '34 

99 80 
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C<marachin 



Local 

Spanish 

Preparation No 

I 

II 

I 

II 

Method 

Dialysis 

tSalt Satu- 
ration 

Dialysis 

Salt Satu- 
ration 

Melanin, inaol. 

0 88 

106 

1-36 

1-04 

Melanin, adsorbed by 
lime 

0 97 

0 60 

0-98 

1 22 

Amide 

H 92 

12 16 

11 14 

11 12 

Ba*it — 

1 




Argimne . 

21 87 

22-37 

23 20 

22-76 

Histidine 

3. 01 

3 33 

3 17 

2 80 

Lysine . . 

6 80 

6 26 

4-67 

8-11 

Cystine . . 

093 

1 01 

1 04 

0-98 

Ncw-flonc — 





Ammo 

61 95 

62-02 

64-42 

63 40 

Non- Amino 

0 99 

1 33 

1 62 

2 10 

Totai. . 

98 29 

99-21 

101 60 

101 62 
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From the above Uble the foUowlag point# may he noted Compared 
with Arachln. Conarachin ia characterised by Ha higher content# of bask 
nitrogen, cystine, tryptophane and lysine. But it is, however, much poorer 
in tyrosine. On the whole, the proteins of the three varieties of groundnuts— 
Ifical and Spanish, grown in India and Virginian grown in America — do not 
show any appreciable difierence in their composition Perhaps the methods 
of analysis are not sufficiently sensitive to «how the subtle varietal dif- 
ferences which may possibly exist. 


TABtB V 



1 

a 

3 

4 

Amino Acids 

Qroandnnt 

Cake 

Milk 

1 Soyabean 

Oram 

Arginine 

13 26 

4 84 

6 12 

11-86 

Histidine . 

1 68 

2 59 

130 

1 42 

Lysine 

4^69 

8 96 

2 71 

7 42 

Cystine 

1 42 

120 

t 

2 02 

Tyrosine 

4 80 

4 50 

1-86 

2-96 

Tryptophane 

0-66 

1-60 

1 

0 46 


1 Spuiith varietr, ToUl Globutim— Authora. 

2 and 3 ' Soyabean '—Piper and Uorsa (1923). 

4 Nirofl, rl a( , 1932. 


In the above table, the total globuhns of groimdnut are compared with 
the total proteins of milk, of soyabean and of gpam {Ctctr anetinutii) 
Groundnut protein is characterised by its higher content of tyrosine and 
arginine— two of the most important essential amino acids Though shghtJy 
poor in lysine content, it is better than soya-bean protein. In its histidme 
content, groundnut protein is quite comparable to the proteins of soyabeans 
and Ctcer an€hMH 

Since mlUr proteins are considered to be perfect and complete, an 
approximate value of other proteins in animal nutrition may be obtained 
by comparing their compositions with that of milk proteins The tabk 
dearly points to the conclusion that the proteins of groundnat eompaie 
more favourably with milk proteins than those of soyabeans, tlms as 
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revealed by chemical analysi*, fproundnnt proteins are, m some respects, 
supenor to soyabean proteins 

paniel and Loughlin (1918) have conducted feeding experiments with 
groundnut cake According to them the proteins of groundnut are com- 
parable to those of soyabean Both these legumes supply the essential 
aminoacids in sufficient amounts for normal growth and reproduction 
Groundnuts are lacking in the fat soluble accessory, but contain a consider- 
able amount of the water-soluble vitamins Rats fed on a mixture of ground- 
nut meal furnishing 18 per cent of protein, 6 per cent of butter fat, lard 
and com starch to which no minerals were added, grew normally, repro- 
duced and successfully reared their young Again, Wallis (1917) also states 
that groundnut contains a very complete protein (c/ Press Note of the 
Industries Department of the Bombay Government, 1918) Groundnut 
cake, milk powder and sodium bicarbonate mixed in the proportions of 
94 6.1, yield a verj' good invabd food Such a mixture has been success- 
fully used for the preparation of culture media. Mixerl with egg white, 
It can be used as a diabetic food Wheat flour when mixed with groundnut 
cake In the proportion of 3 1 is said to make as ideal a bread as possible 
and can be used for the preparation of " Rotis" Johns and Pinks (1920) 
have made similar observations Bread made from 26 parts groundnut flour 
and 76 parts wheat flour furnished adequate proteins for normal growth 
Proteins of this bread were utilised twice as well as those of bread made of 
wheat only. 

Further, groundnut is easily available in this country where it has 
become native for a long time and its method of cultivation is well known 
to the farmers. It can be grown even under dry-farming conditions m sandv 
soil It can be eaten raw or cooked and can be introduced into the daily 
diet of the masses without much difliculty As regards the keeping quality 
of groundnut cake, Sahasrabuddhc and Bliatt (1935, private communica- 
tion) have shown that it can be kept for a long time if the flakes of the 
fresh-cake are heated to 100* C and placed in airtight containers 

On the other hand, soyabean is an exotic to this country and is only 
now being introduced It cannot be digested raw and ha.' to be cooked 
under pressure Soyabean flour prepared in the ordinary way does not keep 
well and gets rancid easily A well-keeping flour can be prepared by 
patented methods only which are not in the easy reach of poor cultivators 
The possesses a slight bitterness for which a taste must be cultivated 
Ita flour when added to bread to improve the colour of the crumb has been 
found to destroy the Vitamin A content of the bread Similar tests with 
cod-liver oil have shown that soya flour destroys nearly the whole of the 
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Vitamin A of the oil (SaerUtfic Arntncan, February 1M7, p IM). 
Recently Dr W R Aykroyd, Director of Nutrition Research, Indian Research 
Fund Association, addrewmg the Rotary Club of Calcutta, struck a not* of 
warning against the extended use of soyabean which is Sow being popu- 
lansed In his opinion, it remained to be shown by condusive experiments 
whether the soyabean had any particular advantage over the common 
pulses {Tmes of Jtuita, December 6, 193ft). 

From the above it will be seen that groundnut is in np way inferior to 
soyabean In some respects it has certain advantages over the latter. It 
IS therefore advisable to investigate fully the possibilities of the easily 
available groundnut before advocating the use of soyabean in India. 

The authors are greatly indebted to Rao Bahadur Dr. D D. Sahasra* 
buddhe for Uis keen interest and advice during the course of this inyeeti- 
gation 
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ON SOME NEW FORMS OF BATRACHIA FROM 
S. INDIA. 

By C R Nasayan Rao 
R eceived November 29, 1937 

The material which forms the subject of this paper has been collected during 
the excursions of the members of the Staff and students of the Department of 
Zoology, University of Mysore, for over six vears The primary object of 
these excursions has been to study the distribution of anuran fauna in the 
localities exiilorcd, their mode of occurrence and their general habits We 
selected certain types of areas marked by distinctive physical features, and 
the results of our collections and of the field observations are set forth in these 
notes 

The Malnad areas of Kadur, Hassan and vShnnoga Districts of Mvsorc, 
the Anamalai Hills of Coimbatore and Perambikulani forests of Cochin were 
selected for making collections, and for purposes of compansou, specimens 
were also token from the plains The chain of hills separating Mysore from 
Malabar and North and South Canara forms a definite landmark and well- 
wooded gigantic spurs, divided by innumerable water courses, extend on either 
side The base of these elevated regions is clothed with dense vegetation 
and harbours pools formed by waterfalls The soil is composed almost 
entirely of latente, and there are places in the Malnad where rich loam and stiff 
clay are also encountered Diuing the monsoon these areas receive abundance 
of rain which inundates the country swelling the small mountain streams into 
torrents and converting the shallow puddles into dangerous pools Perambi- 
kulam IS in the heart of Cochin forests and the summit of the lulls arc covered 
by grass, being elevated above the forest belt Below the hills are covered 
by bamboos and forest trees which abound in big game Anamalai HilLs 
are clothed by impenetrable forests and even the base of the Hills could only 
be approached with difficulty. On account of scanty rainfall in the lower 
regioas, the ground is hard and water scarce During the hot weather all 
these areas become parched and they seem scarcely to harbour any life 
The most favourable time for collection of batrachian specimens is sometime 
after the rains, when ctyptoxoic forms will not have retreated into Jheir 
burrows, but will be found lurking near about the water margins 

The distribution and occurrence of batrachian fauna in the Maidan, 
Semi-Molnad areas and the ghats which present striking physical features, 
present a sharp contrast The mam point of interest is that each of these 
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areas is inhabited by groups which hardly extend into the adjacent territory 
For instance, typical Maidan lottm like R.htxadaciyla, R hgnna, R hmnothans 
and R brevwept arc not encountered m the ghats and the only exception U 
R. (yamphlyctis which can be taken in the thickest forest and on the tcqiS 
of the highest peaks, Bufo meUmoUtctus follows R cyanopUycln in its 
occurrence ; but Bufo fergutoni does not extend beyond the semi-Malnad 
area into the ghats Again Rhacophorus tnaculalus is strictly an inhabitant 
of the plains and is rarely met with m the ghats, though a few specimens of 
this species have been collected from the scmi-Malnad areas We can scarcely 
draw a line of demarcation between strictly Malnad and semi-Malnad in 
regard to the distribution of forms such as Rana curttpes, Rana maUbartca, 
R Uplodactyla, R auranliaca. R dobsont, R verrucosa, R rufescens, R bed- 
domti and similarly with regard to Rhacophorus malabartcus, Rh lateralis 
and Bufo pulcher, Bufo mtcrolympanum, B partelalts When we enter the 
forests which clothe the sides of the hiUs, we discover that these forms are 
replaced by a bewildering wealth of batrachian life belonging to the genera 
Ixalus(Phtlaulus) and Mtcrtxalus &ud Nyctfbalrachus, and R cyanophiyclts 
and Bufo tnelanosHclus, however, freely mingling with them Eimept for a 
few stray forms of Ixalus and Mtcnxalus occasionally found m the semi- 
hlatnad areas, the three genera Ixalus and Mtcnxalus and Nyciibalrachus 
may be described as inhabitants of mountain slopes, but they rarely extend 
to the summits where only R. cyanopUyclts and Bufo melanosUctus occur 

Among the Engystomatida , the most hardy creature is Mtcrohyla ornata, 
which in point of distribution follows R cyattophlyclts and Bufo melanostictus, 
though It may not be found on the summit of the hills Cacopus (Euperoclon) 
systoma. M rubra, Callula (Ramanella) vanegata, C (R ) tnartgulans and 
C (R ) obscura are stnctly confined to the plains. But the semi-Malnad *onc 
in Mysore harbours a race of Callula {Ramanella) whose adaptive modifications 
to the peculiarities of the environment affected by them, differ so stnldngly 
from their congeners in the plains, that one would be justified m creating 
a separate genus for the reception of these forms They are all as a rule 
short legged, the tibio-tarsal articulation hardly extending beyond the middle 
of the body, and they have no web, and all possess the power of climbing the 
smooth surfaces of the plantain trees Our collection of Engystomatid forms 
from the plain districts is sufficiently rich and varied and a comparison of 
the semi-Malnad specimens with them indicates the lines along which diver- 
gence has proceeded It is to be noted that none of these Engystomatid* 
are met with in the thickly wooded places on the slopes of hills, and their 
favourite haunt is the cordamom plantation and plantain gardens behind 
the village houses of the Malnad areas 
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The hiH slopes which receive an annual rainfall of over 200 inches, are cut 
up by mountain torrents during tlie monsoon, but become dry and parched 
during the hot weather The Batrachians [Ixalus (Phtlautu!,), Mtcrtxalus 
and a few members of Rhacophorus and Nycttbatrachus] affecting these sloiies, 
are scarcely met with in water, but are always found clinging to the rocks, 
loose stones and tree trunks m the close vicinity of waterfalls, running brook* 
and sheltered pools They have large digital expansions, and excessively 
loi^ hind limbs and slender bodies (the only exception being Nychbatrackus), 
enabling them to cling to hard surfaces when their homes are flooded, or to 
swim against the rapid current R cyanophlyctts is a thoroughly aquatic 
form, but it has a habit of burrowing m sands under water and also of «kim- 
ming over the surfaces of water by taking a senes of short leaps, enabling 
the frog to escape being carried away by the floods B melanosttclus is 
capable of burrowing or entering narrow crevices and fissures of rocks, where 
they abide till the disturbances of weather are over In consequence of these 
peculiar habits of life, they do not seem to have developed anv anatomical 
pecnlianties different from the other members of their tribe living in the 
plains Both these forms are known to traverse fairly long distances and it 
is this habit which has brought them to the Malnad areas and hill tracts 

The larv® of some speaes of Ixolvs in our collection almost as a rule 
have greatly enlarged bps, which, we have noticed, they use in adhering to 
rocks and water weeds They are sufficiently large to act as floats in case 
the tadpoles are caught in the rapids It Is well known that the tadpoles of 
Nydtbalrachus possess widely expanded lips which are suctorial. In the case 
of R. cyanophlj^ts and Bu/o melanoshctus, the tadpoles have powerful caudal 
fins, far more powerfully developed than in the forms found m the plains and 
their pouting lips are provided with enlarged beaks and teeth As a rule, tliey 
attam a larger size, far larger than tadpoles of corresponding age in the plams 
In the semi Malnad belt, where a large number of species of Rana Rhaco- 
phonts and Bufo occur, their larvae differ in the degree of development of 
fin, site of tail and in the jnouth parts, which, while affording diagnostic 
characters, are nevertheless features due mainly to adaptive mothlications 
I have had occasion to study the larval forms of anura taken from all these 
areas, and I am of opinion that, while those coming from similar situations 
present fairly uniform characteristics capable of being used for taxonomic 
purposes, on the other hand, specunens of tadpoles belonging to the same 
species, but taken from situations differing widely m regard to the condition 
of the country and rainfall, show corresponding differences in external 
nuvphology. I shall refer below to a few instances of such divergent 
modifications and point out how the mouth parts alone, such as the beaks 



390 C. R. Narayan Rao 

and horny denticles, are not affected by the change of environment and 
how they can be used for the purpose of relating the tadpoles to their iiarelits 
on the basis of these characteristics Appropriate comments on tlie tadpoles 
will be made under the res2)eetive heads 

In the desoiptive part, 1 have followed the nomenclature introduced 
by Parker, Boulenger and Malcolm Smith 

Recently, a number of emended schemes of classification of the group 
Anura have been put forward, based upon osteological characters The 
family engvstoniatida; under the changed nomenclature is treated as 
Microhylid* by H W Parker* and the names of the Indian genera formerly 
included in the group have also undergone alteration Thus Cacopus becomes 
Uperodon — CalMa is now recognised as Ratnanella, while Mtcrohyla and 
Melanobatrachus are iiermilted to retain their names unaffected In S India, 
tlie family Microhylidae is chiefly represeiised be the following four genera 
(1) uperodon, (2) Ratnanella, (3) Mtcrohyla and (4) Melanobatrachw As the 
first two names are not quite familiar yet and as it is not widely understood 
what the) replace, I have used the names still in common use in the intro- 
duction and m the systematic descnption, I have adopted the new nomen- 
clature Similarlv with regard to Ixalus 

In 1920, Boulenger* revised the genus Rana, makiug use of several 
characters neglected for a long time and he pointed out that the recognition 
of their value for taxonomic puri»oscs might lead to a better understanding 
of their inter-relationshiirs He has divided the ^ genus Rana into 9 
sub-genera of which siKcies belonging to sub-generd Rana, Tomoplerna, 
Discoddes and Hylorana are represented in South India 

In 1930, Dr Maclolm Smith* pointed out that, as the name Ixalus was 
preoccupied, this genus should in accordance with the accepted terms of 
nomenclature be known as PhtlaiUus and he docs not favour the fusion of 
this genus with Rhacophorus whose genenc position is still left intact He 
retains the name Rhacophorus in preference to Polypedates 

In tlie following descriptive aewunts, I have used the names suggested 
by these authors 


> “ Frogs of the Family Microhylide,'' H.W. Parker, *.a , BntUh Mus Nat, Hut., 
1934. 

* "A Monograph of the Houtb Aiian, Papuan. Melanesian and Australian Frogs of the 
Genus Rana;' G. A. Boulenger, Rtc Ind Mus , Vol. XX, Jane 1920. 

* "The Reptilia and Amphibia of Malaya Peumiula,” Malcolm A Smith, Bull. 
Raffltt Ututum, Singaport, 1930. 



Oh Some Nevu Forms of Batrachta from S India 


391 


Genus RANA 
Sub-Genus Tomoptgrna 
Rana parambtkulamana a sp 

Vomej^e teeth in short obhfiue senes, commencing from the inner angle 
of the choan® which are transverse, oval and directed inwards The hinder 
margin of the vomerine teeth, extending far beyond the posterior border of 
the choaiiae Tongue without a median papiU® The lower jaw with three 
tooth-like conical prominences 

Head convex, distinctly longer than broad , snout pointed, projecting 
beyonil the lower jaw, longer than the eye , canthus rostralis obtuse , loreal 
region slightly oblnjue, concave , nostril nearer to eve than to the tip of the 
snout . distance between the nostrils greater than the mterorbital width 
which IS 2/3 that of the upper cye-lid , tvinpanuin indistinct, 2/o the diameter 
of the eye, equal to its distance from the tve 

Fingers rather short, obtuse, first nearly equal to the 2iid, both consider- 
ably shorter than the third which is distinctly longer than the snout The 
first finger with a larger basal pad , subarticular tubercles jirominent, rounded , 
fourth digit equals the diameter of the eye 

Hind limb long, the tibio-tarsal articulation reaching far beyond the tip 
of the snout , the heels crossing when the limbs are folded at right angles to 
the body , tibia more than three times as long as broad and 2 and l/C times 
in the length from snout to vent, slightly longer than the fore limb and longer 
than tarsus , fourth toe considerably longer than the thigh or tibia and 
slightly more than twice the length of the tarsus Ail the toes are long, obtuse, 
J webbed, outer metatarsals united, subarticular tubercles small, not con- 
spicuous , inner metatarsal tubercle large smaller than the first toe, inserted 
almost in line with the latter , outer metatarsal tubercle inconspicuous 

Skin smooth above and on the ventral surface , a fold from the hinder 
angle of the eye, extending over the tympanum to the shoulder , tw’o short 
prominent folds from behind the eve directed slightly inwards , and a pair 
of less conspicuous folds on cither side of the dorsal band, also starting from 
the upper margin of the eyelids , two short obliquely set folds forming an 
open n-shaped space on the back behind the shoulder as in verrucosa 
and R ru/escens No granulation on any part of the body 

Yellowush brown above, deeper over the head and the shoulder, with 
a light vertebral band ; cutaneous folds edged black , a broad white band 
from the eye to shoulder beneath the fold , hps with alternate light and dark 
bands ; sides of body and ventral surface white ; limbs barred, the stripes 
of the thighs oblique 
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Male with two large vocal 

cs, bkek confluent medially 


A. single speoimm. Typeii 

the Central College Museum 


Habitat — Parambikulam forests. Cochin State, S India. 


MEASUaEMEJTO. 



mm. 


mm. 

From snoot to vent 

39 00 

Fore arm 

800 

Head 

18 00 

Arm 

9-00 

Width of head 

11 80 

First ftnger 

600 

Snout . . 

0 60 

Second finger 

6>78 

Eye 

8 00 

Third finger 

3.80 

Upper eyelid 

3 00 

Fourth finger 

8-00 

Interorbital width 

2 00 

Thigh . 

16-60 

Distanoo between eye and 


Width of thigh . . 

6-00 

nostril 

2 60 

Tibia . . 

18-00 

Distance between nostril and 


Width of tibia . . 

8 00 

tip of snout 

3 00 

First toe 

8 00 

Distance between nostrils . 

3 00 

Second toe 

9 00 

Distance between eye and 


Thud toe 

18 80 

tympanara 

2 00 

Fourth toe 

23-60 

Tympanum 

200 

Fifth toe 

14 00 

Intemarial distance 

300 

Inner metatarsal tubercle . , 

, 3-00 


I have compared this specimen with R rufescens, R brmceps and 
R dobsont, from which it differs almost in every character, and generaUy 
resembles R iigrtna in exteroal form, though differing in details both from 
this species and R Itmnocharts (Forma typica) through which this new species 
IS derivable 

Rana Icitcorhynchus.a sp 

Vomerme teeth in strong obhque senes, separated only by a narrow 
median gap in the median line, but wcB separated from the choana The choana 
are oval onfices, transversely situated. Behind the vomenne teeth, a well- 
marked broad triangular palatine cavity Tongue without a median papillte , 
lower jaw with a single tooth-like prominence 

Head narrowly concave, slightly longer than broad : snout obtuse, 
truncated, projecting beyond the mouth, very sh^tly longer than the 
eye ; canthus rostralis angular , loreal region oblique, broadly concave , 
nostril slightly nearer the tip of the snout than the eye , distance between the 
nostnls cqiiab the mter-orbital width , upper eye lid { m the distance between 
the eyes ; tympanum distinct, smaller than the diameter of the eye, times 
its distance from the latter 
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Fingers rather loi^, pointed, first longer than the second, shorter than 
the third which is longer than the snout ; the first exactly equals the snout 
and twice the width of the upper eyelid Subarticular tubercles large 
and conical , tubercular pads at the base of the first and third finger 

Hind limbs short, the tibio-tarsal articulation reaching the eye, the heel 
separated when the limbs arc folded at right angles to the body , tibia just as 
long as the thigh , length of tibia more than 3 times in the length of thigh, 
more than 2 times in its length , width of thigh equals the length of the 
snout and the latter times the width of tibia The length of the hind limb 
(without digits) exceeds very slightly the distance between the snout and vent 
Tarsus two times the width of tibia , toes rather short, J webbed, outer 
metatarsals united , subarticular tubercles small, inconspicuous . an inner 
tarsal fold present, mu'.r metatarsal tubercle large, strongly, compressed 
with a sharp edge, as long as the first toe, at the base of which it is obliquely 
set A small outer metatarsal tubercle at the base of the fourth toe 

Poraal surface of the body, throat and chest smooth , abdomen and 
sides of tile body and lower surface and posterior margin of thighs granular , 
sides of body with interrupted folds . no fold from eye to the shoulder 

Pale brown above ; upper surface of snout including the antenor third 
of the upper eyelid with a distinct broad white band Between the eyes 
a dark W-shaped band , behind the eyes and shoulders white ; proceeding 
from behind the eyes, a long oval brown mark with a pair of darker streaks 
running along the median line of the area A similar mark a -shaped m 
the median line of the back, and U-shaped marks on the sides of the body 
and hip , fore arms and legs cross barred , throat and abdomen white , under- 
surface of thighs yellow ; lorcal regiou with a dark broad band from the 
eye to the snout , below the eye a dark anvil-hke mark, the lower hd being 
white , fewt chocolate brown 

MSASUREMEMIB 


mm. 

Snout to vent .. .35-00 

Head . . . 16 60 

Width of head . , 16 00 

Snout .. •• • 

Bye 6 ®0 

Distance betwe^ eye and 
nortril 3 

Distance between nostril and 
snout .. 3 00 

Distance betweim nostrils . 4-00 


Arm 

First finger 
Second finger 
Tlilrd finger 
Fourth finger 
Thigh .. 
Tibia . 
Tarsus . 
Width of thigh 
Width of tibia 


7- 60 
4-76 

13-60 
. 13-60 

8- 00 
. 600 
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mm. 


Distance between eye and 

Inner metatarsal tubercle . . 

360 

tympanum 

1-00 

First toe 

3'60 

Interorbital width 

4 00 

Second toe 

6-00 

Upper eyelid 

3 00 

Third toe 

10 00 

Tympanum 

. 3 50 

Fourth too 

14 00 

Fore arm 

. 7 26 

Fifth toe 

8 60 


Toes i webbed 


(hinked with Rana 

ligrtna through 

var panthenna resembling R 

' can- 


crtvora at least superficially ) 

Habilal — Wattakole. Coorg. South India 

A single spetJinen 

Type —Central College, Bangalore 

Sub-Genus Hylorana 
Rana tntermedtus, n sp 

Vomenne teeth m short oblupie groups, arising far from choana, the 
distance between them and the latter is greater than the median gap 
separating the setics of teeth The internal bulging of the eyes into the 
mouth forms two large massive structures almost meeting in the median line 
posterior to the vomenne teeth Tongue very large and broad, without 
a papillae 

Head strongly depressed, much longer than its width, snout acutely 
pointed, projecting well bevond the mouth, far longer than the diameter of 
the eye , oanthufl rostralis very distinct, lorcal region nearly horizontal, 
deeply concave , nostril nearer to the tip of the snout than the eye ; dbtance 
between the nostrils equal to the interorbital width , upper eyelid four- 
fifths m the distance between the eyes , tympanum (that on the right side 
IS larger than the left) very' distinct , smaller than the eye, separated from 
the latter by a distance equal to J or J its own diameter 

Vmgers rather slender, terminating in discs , first longer than the second , 
third slightly longer than the snout, subarticular tubercles fairly large, 
round , a distinct horse-shoe shapped groove separating the upper half of 
the disc from the lower 

Hind limb rather long , tibio-tarsal articulation reaching the nostrils, 
heels completely overlapping when the legs are folded at right angles to the 
body , tibia nearly five times as long as broad and more than half the total 
length of the body, very greatly exceedii^ the fore limb , toes moderately 
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long, the tips dilated into discs, all bearing more or loss well defined grooves , 
discs broader than long , web extending to the tips of all the toes except 
the fourth and fifth , subartieular tubercles conical, not conspicuous . outer 
metatarsal tubercle 2/6 in the length of the first toe , a small conical outer 
metatarsal tubercle at the base of the fourth too 

Skin smooth , a narrow dorso-lateral glandular fold from the eve to the 
groin , no fold from the eye to the tympanum to the shoulder , the distance 
between the dorso-lateral folds across the iliac bones is more than 1/6 m 
the total length of the body , humeral gland No parotoids 

Uniform brown above , sides darker , limbs faintly cross-barred , 
abdomen and throat with irregular dark areas , under surface of thighs 
yellowish , posterior and anterior border of the thighs mottled 
Hahxtat — Saklespur, Hassau District, Mjsorc State 
Type —Central College, Bangalore 

The species is intermediate between R gracihs and R temporalis, both 
of which occur in the same locality with R malabartca, R aunmltaca and 
R curltpes I have compared this with these members m almost everj 
particular and I am convinced that though it resembles with one or the 
other of these species in certain characters, it is entitled to the rank of 
a separate species This course is justifiable when the sue and proportions 
of the head, the relative sire of the tympanum and the eye are taken into 
account 

MEASOBKJrENTS. 

nun. 

Snout to vent . . 43-00 First finger 

Head . . . . 20 00 Second finger 

Width of head - 13 60 Third finger 

Snout . . 8 60 Fourth finger 

From nostril to tip of snout 4-00 Thigh 

Tympanum - 4 t)0 Width of thigh 

Bye , . 0 60 Inner metatarsal tubercle 

From eye to nostril 4 76 Tarsus 

Intemarial width . 6 00 Width of tarsns 

Interorbital width . 6 00 First toe 

Upper eyelid . 4 00 Second toe 

Distance between tympa- Third toe 

num and eye 1 00 Fourth toe 

.. 9-00 Fifth toe 

arm • • , . 8 26 


6- 

0 

7 60 
20 00 
6 00 
2 00 
12 00 
3 00 
6 00 
a 60 
13 60 
20 00 
16 00 


Arm 


g §§ 



396 


C. R. Narayaa Rao 


Rana saurtceps, n sp 

Vomerine teeth in short obhque series, arising from the anterior border 
of the choanse which are horitontal and extending slightly beyond the 
hinder border of the latter Ivower jaw with a small median and two 
lateral median tooth-hke prominences. Tongue very small, without 
a papilla 

Head somewhat elongated, convex, longer than broad ; snout acutely 
pointed, truncated projecting beyond the mouth, twice as long as the dia- 
meter of the eye, with a triangular or diamond-shaped pit on the terminal 
dorsal aspect Behind this rostral pit there are two oval elevations with a 
median transverse groove and both separated from a similar elevation be- 
tween the eyes These elevations look not unlike the cephalic shields of 
the Sanrians , behind the tip of the snout there is a pit on each side, separat- 
ed by a ventral bar from the loreal region which is almost honsontal and 
concave , canthns rostralis obtuse , nostnls nearer to the snout than to the 
eye , distance between the nostrils equal to the mterorbital width , tympa- 
num slightly smaller than the eye, the latter is twice the distance between 
it and the former and this distance is equal to the upper eyelid 

Fingers moderate, obtuse without discs , first finger equal to the second, 
about I m the length of the snout , third as long as the snout , the fourth 
longer than the first or second and is equal to the arm Subarticular 
tubercles comcal, moderate 

Hind limbs rather long, slender, tibio-tarsal articulation reaching the 
nostril , heels very slightly overlapping when the legs are folded at nght 
angles to the axis of the body , thigh nearly twice its width . tibia three 
times Its width, but considerably less than half the total length of .the body 
and slightly shorter than the third toe equal to the fifth , toes pointed , 
web not extending to the tip of the first phalangeal bone, rather stopping 
at the base , outer metatarsals not umted, separated by web, inner meta- 
tarsal tubercle about \ the diameter of the eye , a small rounded outer 
metatarsal tubercle at the base of the fourth toe ; subarticular tubercles 
small, inconspicuous 

Upper surface of the skin slightly granulate, with short mterrupted 
longitudinal folds with a few tubercles , curved temporal fold is present , 
in preserved specimens, the abdomen Is thrown into fine transverse folds ; 
throat, abdomen and undersurface of the thighs free from granulation. 
No dorso-lateral glandular fold. A n-»haped mark found on the back behind 
the shoulders 

Above chocolate red. sides darker, fore arm and tarsus faintly barred ; 
throat and chest yellowish, abdomen brown, the under surface of the thighs 
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pale orange ; upper Up with vertical bands, two of which enter the eye , the 
tower Up with dark and white spot<i or bars 


Snout to vent >. ■. 30-00 

Tympanum . . 2 60 

Bye 3 00 

Pistancc between eye and 

tympanum . . . . 1 60 

Head . - . 10 50 

Width of head - 8-76 

Snout 8 00 

From nostril to snout . 2 25 

From eye to nostril 3 00 

Interorbital width 3 75 

Upper eyelid . . 1 60 

Fore arm . . 0 60 

Arm . . . 6 00 

First finger , 4 00 

Second finger . . 4 00 

— Wattekole, Coorg, S India 


Third finger . . . 6 00 

Fourth finger . . 6 00 

Thigh . - . 10 50 

Width of thigh . . 5 00 

Tibia . - 12-00 

Width of tibia . .4 -00 

Tarsns - 0 00 

Width of tarsus . 3 00 

Inner metatarsal tnborcle.. 1 60 
First toe . 4 00 

Scctmd toe . 8 00 

Third toe . . . 11 OO 

Fourth toe . 16 00 

Fifth toe . . 10 00 

Outer metatarsal tubercle 0 76 


A number of speumens of all ages 
Type —Central College, Bangalore 

Suh-Genus Di3Cooei,e3. 


RatM UnuUtngua n sp 

Vomerine teeth in short, transverse or slightly oblique senes, arising 
separately from the choanse, almost on a level with the posterior border of 
the latter , the space between the rows exceeds the distance between the 
teeth and the choanse , tongue very thin, smaU, the posterior notch sometimes 
very broad, a smaU comcal retractile iiapilla in the middle ; the lower jaw is 
covered by the upper throughout and the maxillary teeth are large, without 
tooth-like prominence on the lower jaw 

Head broadly convex, slightly wider than long ; snout obtuse projecting 
beyond the mouth, as long as or slightly longer than the eye , canthius ros- 
tralls obtuse ; loreal region oblique concave , nostiil nearer to the tip of the 
snout than tbe eye : interorbital width more than twice the distance between 
the nostrib uad is equal to the upper eyelid , tympanum f in the diameter 
of the eye wnd twice the distance between it and the latter , the fronto- 
patietal region is excavated into a flask-like depression, occasionally traversed 
by a median groove and this area is further separated by a transverse groove 
the region where the fold of sldn is elevated into scale-like patches 
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separated by a median groove corresponding with the bony sutures. The 
na^al "scales” are divided from the premaxillary area bv a transverse groove, 
with a ndge of skin in front, connecting the nostrils The markings on the 
head .ire exactly like those of Rana saunceps but without the rostral pit 

fingers are short, tips dilated into truncated discs which are broader 
than long . the groove in front of the discs is either absent or faintly marked 
in some , hrst finger as long as or very slightly longer than the second , third 
bhghtlv longer than the snout , subarticidar tubercles very faintly visisble 

Hind limb long, tibio-tarsal articulation reaching nostnl or tip of snout, 
the heels strongly overlap when the limbs are foldid at right angles to the 
body , tibia about 5 times as long as broad , thigh halt in the length of the b^> 
from snout to vent and longer than the fore limb , toes rather short, discs 
truncated, broader than long, the groove indistiiut . web extending to nearly 
three-fourths of the first phalanx of fourth toe and se< ond of fifth and third , 
web not extending to the base of the outer metatarsals , subarticiilar tubertles 
inconspicuous , inner metatarsal tubercle feebly developed, a very small 
outer met.itarsal tubercle at the base of the fourth toe Phalanges T-shapecl 
Upjier surface of skin with a senes of interrupted fine folds, about 6 to 
7 longiUidmal senes can be made out . throat and chest and undersurface of 
thighs siuootli, abdomen finely granulate No temporal fold 

Pale brown above , sides darker , upper surface of snout white ; a 
dark band from the tip of the snout extending through the loreal region, 
and below the eyes, surrounds the tympanum , a short dark band from the 
tympanum to the shoulder, lower jaw with dark and white longitudinal 
bars , fore arm and fingers and hind limbs barred , throat pale yellow , 
abdomen white, undersurface of thighs reddish 


Measurkmenth 


From snont to vent 2.3 00 

Tympanum 2 00 

Bye . 3 00 

Distance between tvnipa- 

num and eye 1 00 

Snout . 3 50 

Distance between eye and 

nostnl 2 25 

Distance between nostnl and 

snout . 1 26 

Distance between nostrils . 2 75 

Distance between eyes . 3 00 

Upper eyehd . . . 1 25 


mm 

First finger , 2 25 

Second finger . 2 00 

Third finger . . . 4 00 

Fourth finger . . . 2 60 

Thigh . . 11 00 

Width of thigh . . . 3 60 

Tibia . . . . 13 60 

Width of tibia 2 60 

Tarsus , 7 

Width of Ursns . . 1 

Inner metatarsal tubercle . 1 

First toe 2 

Second toe .6 


ggsss 
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Head 

Width of head 
Foro hjnb ! Arm 
Fore arm 


inin. 
9 00 
9 25 
t 76 
4 76 


Third too 
Fourth toe 
Fifth toe 


Outer metatarsal tubercle 


Habitat — Kempliole Ghats, Hassail, Mysore, South India 
Type — Central CollcRe, Bangalore 

Genns NYCTIBATUACHUS 


7 60 
12 0 
7 00 


NycMalfachus ^yliaticus, n sp 

Vomerine teeth tn two oblique rows, short series set well behind the 


ohoanae 

Head as long as broad or slightly longer, depressed, projecting beyond 
the mouth Snout not longer than the diameter of the c\e Inter-orbital 
siiace equals the width of the ujiper eyelid Ryes lateral Distance betw ecn 
the eye and the nostril equals 2j times the internarial width Tympanum 
jiartiallv or completely hidden Supra tvmiianic fold present Habit not 
stout Canthns rostralis angular, well marked Dorenl rtgion concave, 
oblique Fingers dilated into small discs First finger shorter than second 
Third longer than snout Subarticular tuticrcules moderately large, not very 
prominent 

Hind limbs long The tibio-tarsal artuiilation reaching the posterior 
angle of the eye Heels touch when the limbs are folded at right angles to 
the body Thigh more ihan IJ times longer than its width and 
tibia more than three times its width, and less than half in the length of 
the body Toes with tips swollen into snail dist s, more than half-wt bbed 
Sub-artieular tubercles moderately developed Imier metatarsal tubercle 
elongate, spade-like, more than half the length of the first-toe, eonnected 
by web to the base of the first tO’ No outer metatarsal tubercle 

Skm above with tubercles and short glandular folds Thighs free 
Tibia, tarsus and fifth toe distinctly granular Arras feebly granular Rower 
surface including the limbs perfectly smooth 

Brown above Both limbs with faint cross bars Ventral surface includ- 
ing the limbs whitish Rower jaw with feeble white bars on a pale back- 


ground of brown 

MBABUBKVIENm 

mm 

Diameter of the eye 4 00 Fourth finger . 6 76 

Snout . . . . fl 00 Thigh . . 17 76 

Interorbital space .. 4 00 Thigh thickness .. .10 00 

Upper eyelid . .. 4-00 Shank . .. .19 00 
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Intemarial width 

mm. 

200 

Shank thicknou . . 

000 

Distance between eye and 
nostrU 

000 

Tarsus .. 

Tarsus thickness . . 

11 00 
.3<50 

Arm 

6 70 

First toe . . . . 

0 00 

Arm tbiokneu 

3 00 

Second toe 

8-00 

Fore arm 

8 76 

Third too 

12 00 

Fore arm thioknes* 

4. 00 

Fourth toe 

17 00 

First finger 

5 00 

Fifth toe 

12 00 

Second finger 

0 00 

Tnner metatarsal tubercle . • 

2 76 

Third finger 

8 00 

Total length 

42 00 

fifnfrifaf —Forests of Kempholey, Saklespur, Hassan, Mysore 



"Type — Central College, Bangalore 

Remarks —There are three species of Nyttibatrachus known, viz , 
N pygaitusus, N major anAN sanchpalustns, 6f which we have a fairly good 
collection The new specie* differs from the known forms in certain funda- 
mental respects and might even appear as a connecting link with Rana 
For instance, the tympanum is only partially hidden, the eyes are laterally 
directed and the body is not stout and a canthus rostralis is present With 
the exception of these characteristics, its resemblance to the other species 
of NycUbalrachus is fairly intimate, The configuration of the body and 
limbs of this species may perhaps be an expression of convergence towards 
the Ixalus type, evoked by the peculiar m^e of life and the character of 
the surroundings 

Genus NannobatsaCHUs 

According to Boulenger this genus is distinguished from Nannophrys by 
the character of the pupil which is vertical in Nannobatrachus and hori- 
zontal in Nannophrys To this difference he adds a few other factors which 
make the two genera sufficiently distinctive The species with which the 
following notes deal, possesses a horizontal pupil more or less red even in the 
preserved state and agrees with the other charactenstics of Nannobatrachus. 
The pupil of the eye in the living specimen bears no resemblance to it* 
shape in the preserved forms, undergoing some amount of distortion on 
account of contraction. This is rather an uncertain character for the pur- 
pose of differentiating genera, and even as a specific character it is not reli- 
able No importance is attached to this character in these notes I have 
not examined Nannophrys and am therefore unnUe to suggest how far we 
may depend upon characters like the outer metatarsals being united at the 
base or separated by grooves for separating Nannophrys from Nannobatra- 
Boulenger has described only two species of the former and one of 
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the litter and for purposes of the example described below, I shall adopt 
bis classification 

N annobalrashus kempholfyensxs, n sp 

Pupil red, horizontal, habit fairly stout, toad-like Vomenne teeth in 
two short series almost transverse arising from the anterior border of the 
choaiise, with a wide gap between, which is nearly twice as wide as the series 
of the teeth Tongue moderate, nicked deeply behind, bearing in front 
a large spherical elevation, clearly marked off from the rest of the tongue 
and surrounded by a pit , whether a retractile papilla is present is doubtful, 
l/ower jaw without a tooth- like projection 

Head flat, wider than longer , snout rounded, scarcely projecting beyond 
the mouth, as long as the interorbital width or twice the diameter of the 
eye ; canthus rostrahs indistinct, loreal region either nearly vertical or slightly 
obhque, concave in the latter case , nostril equidistant between the eye and 
the tip of the snout, distance between the nostrils I in the mtcrorbital 
width , upper eyelid equal to the distance between the nostrils or the 
diameter of the eye , tympanum indistinct or absent 

Fingers rather small, first obtasc , second, third and fourth with ends 
dilated at the tips into spherical balls not very distinct from the ultimate 
phalangeal bone ; first fitter slightly smaller than the second , subarticular 
tubercles distinct on the third and Ihc fourth fingers only 

Hind limb short, the tibio-tarsal articulation not reaching quite the eye 
but only its posterior border , the heels do not meet when the limbs are folded 
at right angles to the body , thigh as long as the fourth toe and less than 
twice its own ler^th , tibia more than twice the length of the snout and 
slightly exceeds the width of the head , tarsus quite as long as the thigh 
and more than twice its own width , tips of toes dilated into small discs, 
not distinct on the first, discs as long as broad , second toe verv slightly 
exceeds the length of the first ; subarticular tubercles indistinct , inner 
metatarsal tubercle very minute and the outer at the base of the fourth toe 
still more minute ; no rudiment of web No tarsal fold Outer metatareah 
separated by grooves 

acin smooth or slightly granulate behind the eyes and shoulders ; no 
folds on the back or sides in the living forms (preserved specimens show 
them on the sides due to shrinkage) , a short temporal fold only occasionally 
present cm one side and In that case extending beyorfd the shoulder Abdo- 
nttn and lower surface of thighs finely granulate 



402 C. R. Narayan Rao 

Upper parts of the body and limbs deep bronte or black umformly ; 
in the males throat is yellowish . m the females the throat and abdomen 
and undersurface of thighs very finely marbled , hand white ; foot darker ; 
the red eyes in the living forms are very bright and conspicuous 

Males with internal vocal sacs united into a comparatively large struc- 
ture extending to the breast 

Omostemum and sternum cartilaginous and slender terminal phalangeal 
bones of toes slightly expanded , nasal bones relatively wide, separated from 
one another and from the fronto-panetals by narrow grooves 
MEASUaUMBNl-S. 


Snout to vent 

18 00 

First finger 

mm 

.. 1 60 

Head 

0 00 

Second finger 

.. 2 00 

Width of head 

7 00 

Third finger 

. 3 60 

Snout . 

3 00 

Fourth finger 

.. 3 00 

Distance between nostrils 


Thigh . . 

.. 6'00 

and tip of snout 

1 50 

Tibia 

7 75 

Distance between eye and 


Width of thigh . . 

3 00 

tip of snout 

1 60 

Width of tibia . . 

. 2 00 

Internasal width 

2 00 

Tarsus 

6 00 

Intcrorbital width 

3 00 

Width of tarsus . 

.. 2 00 

Tympanum 


First toe 

.. 1 60 

Kye 

2 00 

Second toe 

. 1 76 

Upper eyelid 

2 00 

Third toe 

. 300 

I-'oro limb Fore arm 

i 60 

Fourth toe 

. . 6 00 

Arm 

3 00 

Fifth toe 

. . 4 00 


Habitat — Hilts of Kempholey Ghats, Hassan, Mj-sore, S India 
l^our sjiecimens 

Type. — Central College, Bangalore 

The frogs were found under the rocks near waterfalls and they are 
incapable of burrowing Nothing is known about their breeding habits 
Tins speiies may be distinguished from N beddomii thus — 

1 Tibio-tarsal articulation reaching the tip of the 
snout or not quite so far ; limbs barred , white 
below immaculate, tongue without an elevat- 
ed button-hke structure m front . . , N beddomu 

i Tibio-tarsal not reaching the eye, limbs with- 
out bars , beneath finely marbled ; tongue 
with a button-like structure in front . N kempholeyensis 
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Gema BUPO. 

Bufo brmrostris, n sp. 

Crown without bony ridge* Habit etout. Head perfectly flat, broader 
than long ; anput rounded, not projectii^ bevond the mouth, a* long as 
th? eye ; canthus roatralis angular ; loreal region horiamtol, broadly 
concave , nostnl marer to the end of the snout than to the eye , diatance 
between the noet^ 1 in the distance between the eyes , upper eyelid 
slightly shorter than the interorbital width, tympanum small, fully 
develi^ied, { the diameter of the eye . distance between the eve and the 
tympannm } the diameter (A the latter or | the diameter of the former 

Fore limb very short ; fingers short, rather slightly swollen at the 
extremity ; first equal to the second , third as long as the arm and fourth 
not longer than the first or the second ; subarticular tubercles feebly 
developed. The tubercle at the base of the third finger is much larger than 
that at the base of the first. 

parotoids elongate, moderately prominent, as long as the arm, slightly 
more than twice its own width 

Hind limb short , the tibio-tarsal articulation not reaching the shoulder, 
the heels just touch when the limbs are folded at nght angles to the body . 
thigh nearly as long as wide ; tibia about 2| as long as broad and IJ times 
longer than the tarsus ; toe* very short, tip* rather obtuse, entirely free , 
subarticnlar tubercles not prominent , inner metatarsal tubercle about i m 
the length of the firet toe , the outer much smaller situated at the base of 
the fifth toe 

Upper surface of the skin covered with small uniformly distributed 
tuberdcs ; with a small row of larger warts on the median line of the back, 
the first pair being the largest ; throat and abdomen with spiny grannies 
Which are more prominent on the limbs A dark temporal line extending 
to the sides. 

Pale brown above, with a network of dark lines, aides lighter with 
. ImiUr marWlng , ventral surface ditty white with dark blotches ; under- 
surface of thighs ahite. 

MKasuBKxsntfl. 


Snont to vent •• 37-00 

By* .. ... 3 00 

Tympanam • . . . 3 00 

FanitokU .. 4 M 

Width dt Fbrotdds .. 3-00 


mm. 

Fore arm . ' 7 ■ 00 

First flngw . 3 00 

fleoond finger 3‘00 

Third finger . . 4 60 

FOnrth finger 3-00 
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nun. 

Head . . . 8 00 Thigh 

Width ol head . » 00 Width ot thigh 

Snout . . . 3 00 Tibia 

tnterorbital width 3 00 Width of tibia 

Upper eyelid . . 2 50 Tariua . 

Distance between eye and Width of tarsns . . 

tympanum . 1 00 Inner metatarsal tubercle 

Distance between eye and Outer metatarsaltnbercle 

nostril . . . . 2 00 First toe 

Distance between eye and Second toe 

snout 1-00 Third toe 

Distance between nostrils . 2 00 Fourth toe 

Arm 4 60 Fifth toe 

Habtiat — Kempholey, Hassan District. Mvborc State 
A single specimen 

—Central College, Bangalore 

Genus PHILAUTUS 


mm. 

600 

800 
3 00 
6 DO 
2-26 
1 00 

3-00 

400 

5 76 
8 00 

6 00 


Dr Malcolm Smith m describing some specimens of Ph*laitius (Ixalus) 
from the Malay Peninsula observes that " it is now generally recogmsed that 
the presence or absence of vomerine teeth can no longer be regarded ns n 
character of generic distinction Although fully accepting this pnnciple. 
I am not in agreement with those authors who have hastily sunk all the 
species of PInUtutus under Rhacophorus That some forms of Phtiautus 
should be placed under Rhacophorus is no doubt correct, but the distinctive 
habit of many other species, suggests that characters will yet be found to 
retain them apart from Rhacophorus Until a proper revision of the whole 
group IS taken, I prefer to retain the two genera as defined by Boulengcr." 
Now the revision was undertaken by my colleague Mr D S Ramaswami 
who in reviewing the osteology of the two genera, comes to the conclusion 
that " after a perusal of the characters enumerated in the risum4 (which 
embraces 21 points) it will be noticed that Rhacophorus and Phtiautus 
agree with each other in seven of the minor features referred to above 
It is, therefore, expedient at the present state of our knowledge to treat 
Rhacophorus and Phtiautus as two independent genera." I have myself 
examined the morphological characters of the several forms of both genera 
and I have no hesitation in accepting the conclusion of Mr Ramaswami that 
Rhacophorus and Phtiautus should be treated as separate genera which is 
in accordance with the suggesnon of Dr Malcolm Smith, But I am not 
quite sure if the diagnostic features given by Boulenger of Phsl<su*us are 
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adequate and whether they do not overiap with those of Mtcrtxalus Omitting 
the common features, the only characters in the definition of the two genera, 
as ^ven by Boulenger, separating them are the presence (Philautus) or 
absence {Mtcuxaius) of an intercalary ossification between the penultimate 
and distal phalanges and the latter being obtuse in Phtkutus and T-shaped 
in iftcrtxalus In other respects the differences do not seem so 
fundamental as to justify the retention of the two genera as distinct entities 
and the forms of Mtcrtxalus in our collection are too few to suggest the 
fusion of Pktlautus and Murtxalus If the behaviour jiatterns of the Batra- 
chians afford an indication, as is assumed by Noble, of phyletic relationships, 
then nothing can be easier than to bring Mtcrsxalus under Philautus, for 
our observations on the breeding habits and on the larval forms of the 
members of these two genera point to a close agreement But we know 
that arguments based on this correspondence may be used as a factor only 
in emphasising the evidence derived from other sources, but they alone can- 
not constitute a testimony sufficient to favour the merging of one genus into 
another In this paper I retain tlie generic rank of Philautus and Mtcnxalus 
Phlavtm chartus, n sp 

Vomerine teeth none Papillae on the tongue absent 

Snout acutely pointed as long as the diameter of the eje Canthus 
rostralis distinct I<oreal region concave, strongly obliquely disposed Nos- 
trils nearer to the tip of the snout than to the eye Distance between eye 
and nostrils equals half the interorbital width Interorbital space twice as 
broad as the upper eyelid and broader than the diameter of the eye Tym- 
panum distinct, about one-third the diameter of the eye, and separated from 
it by half its own diameter. Internarial width half the interorbital space, 
equals the distance between the eye and the nostril Fingers not long ; 
tips provided with discs with a narrow crescentic groove separating the 
dorsal and ventral portions First finger smaller than the second, slightly 
less than half the length of the third Subarticular tubercles moderately 
developed 

Hind limbs long, the tibio-tarsal articulation reaches the nostnl, tile 
heels touch when the limbs are folded at right angles tq the body. Thigli 
less Uian half in the total length of the body. Tibia nearly as long as the thigh, 
and more than three times as long as broad Metatarsus considerably ntpre 
than half the length of the tibia Toes rather short, tips dilated into diacf, 
one-third to half-webbed Metatarsals united Subarticular tuberdea 
feebly developed, a very minute inner metatarsal tubercle present No 
tarsal fold. 
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Upper surface erf the skin Enely gramOaU, the granules couHned to 
the dark median portion, sides smooth Granules occur on the upper eydid 
and on the dorsal portion of the snout. No dorso-lateral glandular ferfd. 
Throat smooth, chest and abdomen finely granulate. A supra temporal 
fold present. 

Upper surface of the snout and sides of the body bright yeUow (pale In 
spint). A dark hour glass-shaiied mark starting between the eyes and cover- 
ing the hinder half of the eyelid, occupies the back extending nearly to the 
vent A conspicuous chevron-shaped dark marking on the vent Canthus 
and loreal region and upper jaw dark brown. Lower jaw with white and dark 
dots and vertical lines Between the eye and the shoulder a deep black mark, 
covering the tympanum, the lower border of which bears a white crescentic 
line Fore arm banded Third and fourth fingers bear dark stripes and the 
upper surface of the discs of these digits having dots Upper surface of thighs 
with cross bars, the posterior border bronxed with faint white spots Tibia 
with stripes, which are inconspicuous on the metatarsus Heel bears a 
dark black spot, from which a dark line runs down to more than half the 
distance of the last two toes, whose upper surface is striped and the top of 
the discs of all toes faintly dotted The throat, belly and undersurface of 
thighs and arms white 

This specimen of Phtlattiut is named after my colleague Mr. B. R. 
Seshachai who has collected a large number of South Indian Batrachians. 

Mkabubxmxitn. 

From snout to vent . . 33 00 Width of fore arm 

Plamoter of the eye . 3 00 First finger 

Upper eyelid 2-00 Second finger 

Interorbital space . . 4 00 Third finger 

Distance between eye and Fourth finger 

nostril 2 00 Thigh . . 

Intemarial distance . . 2.00 Width of thigh . . 

Tympanom . . 1 00 TiUnm . . 

Distance between eye and Width of tibium . . 

tympanum . , 0 OO Metatarens • . 

Head . . 8 60 Width of metatarsus 

Width of head . 9 00 First toe 

Snout .. .. > 3'50 Second toe 

Arm ■ 4'00 Third toe 

Width of arm l-OO Fourth toe 

Fwe am . . fi-OO Fifth toe 
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— Kottigehar, Kadur. 

Central College, Bangalore 
^ Philautus ekeans, n sp 

Vomerine teeth none A small papilla on the anterior portion of 
the tongoe. retracted into the sheath. Head flat, longer than broad Snout 
elon^te, sharply rotmded anteriorly, bevelled, projecting beyond the 
mouth. Canthus rostralis distinct, stro^ly angular Ivoreal region concave, 
horizontal. Nostrils nearer to the eye than the snout Distance between 
the nostrils slightly more than the mterorbital space Upper eyelid equals 
or slightly less than the interorbital space. Tympanun distinct, half 
the diameter of the eye. closely tonching it 

First finger slightly shorter than the second, third longer than the 
tnont Subarticular tubercles fully developed. A shallow groove separates 
the dorsal and ventral portions of the discs 

Hind limb rather moderately long, the tibio-tarsal articulation reaching 
the eye Heels touch each other when the limbs are folded at right 
angles to the body Thigh two and a half times as long as broad and less 
than half the len^ of the body Tibium slightly longer than thigh and is 
Just half the length of the body and slightly less than three times its 
breadth Metatarsus about three times as long as broad Toes rather short, 
end in discs, about less than half-webbed Outer metatarsals united at the 
base, bearing an outer fold of skin Subarticulai tubercles feebly developed 
A small outer metatarsal tubercle 

Skin with minute wart-like tubercles disposed longitudinally on the 
back, or perfectly smooth A supra-temporal fold absent Dorso-lateral 
glandular fold, feebly developed, extending from the posterior angle of the 
eye to the groin The two are separaced by a space nearly in length of 
the body Lower parts gf the bmbs and body smooth Small glandular 
swellings behind the jaws and in front of shoulder 

Crimson above. A concave dark streak between the eyelids Sides of 
body commencing from behind the eyes black Tympanum red. Loreal 
region faintly bronzed. The posterior border of upper jaw white Lower 
jaw with a few black dots. Posterior border of the fore arm vemiiculated 
Posterior limbs with dark bands Posterior border of thighs with, white 
spots on a black backgroimd. The cross bars extend to the metatarsus 
two toes with dark bands. Upper surface of discs dark. Throat and 
ebast marbled . belly yellow (white In spirit) Thighs pinkish 
This is the prettiest specimen in the collection. 
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MxiASUuafEMn. 


min 


From Miout to vent H 0 

Head . . . • . » 00 

WWth of head 1 00 

Diameter of the eye 3 00 

Upper eyelid • 2 00 

Jnterorhital space 2 80 

Snout . . 3 76 

Distance between eye and 

nostnl 2 00 

Intemanal width 2 76 

Tytnpnnum 1 0® 

Distance between tympa- 
num and eye . Hil 

Arm • 0 00 

Width of the arm . 1 7« 

Fore arm . . 0 00 


LocalUy — Keraphoky, Hassan 
Typt —Central College, Bangalore 


mm. 

Width of fore arm ^ . 1-75 

First Anger 3-00 

Second Anger . . . . 3 60 

Third Anger 4 ■ 76 

Fourth Anger 3 -AO 

Thigh . . 10 00 

Width of thigh . . . . 4 OO 

Tiblnm . . . 11 60 

Width of tibium . . 3 00 

Metatarsus 6 00 

Width of metatarsus 2 • 00 

First toe 4 00 

Second toe 8 • 00 

Third toe . 7-00 

Fourth toe . 9 00 

Fifth toe . . 7 00 


Phtlautus hoUtgeharensit, n sp, 

Vomenne teetli none Tongue with a papilla, the sac with tumid Ups 

Head depressed Upper surface of the snout deeply concave, bounded 
by ndges anteriorly and laterally Tip of snout acutely pointed, broader 
truncated, and projecting bevond the mouth Snout longer than the eye 
Canthus rostralis prominent and angular Boreal region concave, obhque, 
becommg continuous with the suborbital grooves. Nostrils prominent, 
equidistant between tip of snout and eye Internanal width equals the 
diameter of the eye Interorbital width less than the upper eyehd 
Tympanum fairly distinct, about half the diameter of the eye, which it 
closely touches 

Fingers tipped with large discs, about twice as broad as the penultimate 
phalangeal segment First Anger slightly longer than the second and the 
third very shghUy longer than the snout AU the Angers are free Subarti- 
cular tubercles feebly developed. 

HinH limbs long. Thigh more than twice as long as broad and as long 
as the tibium Tibio-tarsal articulation reaches tip of the snout Metatareiis 
longer than atm and more than twice as long as broad Toes rather short, 
tip ending in discs, web extending to the discs. Outer metatarsals united 
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at the base or separate Subarticular tubercles feebly developed , a very 
minute inner metatarsal tubercle 

Upper surface of body with minute tubercles, a snpra-temporal fold 
and dorso-lateral folds are present The latter commence well behmd the 
eyes, and are separated from each other by a distance less than 1/S m the 
total length of the body Deep suborbital grooves confluent with the loreal 
region present, Undersurface of body and thighs smooth 

Uniform deep bronze above and sides of bead, body and limbs, lund 
limbs and fore arms barred by deeper stripes Discs of fingers and toes dark 
on both surfaces Web dark, and the folded toes produce a characteristic 
deep black colour I^ower jaw and throat bronzed—the dark colour extending 
sometimes to the chest and the anterior division of the abdomen, or the 
latter two regions may be bright orange, ventral undersurface of thighs red, 
the posterior border feebly marbled Sides of body jellowish or whitish 
Mkasxjbbments 


From snout to vent 
Head . 

Width of heail 

Snout 

Bye 

Upper eyelid . 
Interorbital space 
Tympanum 

Distance between tympa- 
num and eye 

Distance between eye and 
nostril 

Intemanal distance 
Arm 

Width of arm 
Fore arm 


mm. 
23 00 
8 00 
0 00 
4. 00 
3 00 
2 00 
300 
I 60 

Kil 


3 00 
7 00 
2 00 
6 00 


Loc<rf«/y —Kottigehar. Kadur 
Type —Central College, Bangalore 


Width of (ore arm 
First finger 
.860004 finger 
Third finger 
Fourth finger 
Thigh . 

Width of thlgli . 
Tiblum 

Width of tlbium . 
Metatarsus 
Width of metatarsus 
First toe 
Second toe 
Third toe 
Fourth toe 
Fifth toe 


mm 
2 00 
3 00 

3 60 

4 76 
4 00 

16 00 
4 50 
16 00 
3.00 
8 00 
2 26 
3 26 
6 00 

7 76 
11 00 

8 00 


Philaulus swamtanus, a sp 

Vomerine teeth none. Tongue large, bifid behind, a conical papilla 
nearer to the anterior end, retractile sheath an elongated slit 

Head perfectly flat, depressed, snout pointed, projecting beyond the 
mouth, longer than the eye Canthus rosttalis prominent, angular Loreal 
region concave, horizontal, separated from the narrow suborbital or upper 
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nanal groove. Nostrils prominent, about midway between the eye and the 
tip ot the snout. Distance between nostrils very slightly less than inter- 
orbital space, equals diameter of the eye. Interorbital space wider than the 
upper eyelid, and exceeds the eye by a nanow margin Tympanum half 
Wdden, and about half the diameter of the eye from it is separated by a 
a distance less than its width. 

Tips of fingers with discs, nearly twice as broad as the penultimate 
phalangeal segment There is no groove separtaing the dorsal and ventral 
portions of the discs First finger shorter than the second, the former about 
the diameter of the eye. The third slightly exceeds the length of the snout. 
Siibarticular tubercles feebly developed on the first and the second fingers 
and absent from the third and the fourth fingers 

Hind hrab fairly long, the tibio-tarsal articulation reaching beyond the 
eye, heels overlap when the limbs are folded at right angles to the body. 
Hugh ai times as long as broad and tibia about ns long as thigh and slightly 
less than times its width Toes rather short, web extending to the discs 
which axe equal to twice the width of the penultimate phalangeal segment 
Subarticular tubercles poorly developed. A small inner conical metatarsal 
tubercle present Outer metatarsals separated at the base. No tarsal fold. 
Heels prominent 

Skin smooth above and also below Supra-temporal fold inconspiciwus 
Darso-lateral folds occur, starting from behind the eyes and separated from 
ofl rh other by a space equal to the Interorbital width Folds may be 
interrupted, not quite reaching the groin In addition there are two fairly 
well-developed lateral folds, converging towards the vent, beginning from 
about the middle of the sides of the body. The two sets of fohfa may 
become continuous 

Upper surface of the body umformally bluish, dark bronze in spirit, 
Iroreal region and upper jaw lighter Thighs and tibia barred. Fore limbs 
without bands. On the sides of the body, com m e n ci n g from the eyes, a« 
fine rows, two or three, of white glandular bodies which meet u front of the 
vent Ihroat pale buff, chest marbled, abdomen white Anterior portion 
of the ventral surface of thighs pinkish, the postoimr vermiculated Under- 
surface of tarsus, foot and discs bronzed. 

I have named this species after my colkague Hr. U. S. Ramaswomi, 
whose contributions to our knowled^ of the cranial morphology of the 
Anura of South India have been of invaluable assistance to me. 
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Rraaa unout to rout 29 00 

Hood . . 10 00 

Width of head . . . 8 00 

Bye .. .. .. 3-00 

Upper eyelid . . 2 00 

iDterorbitol epaco . . 3 60 

Diitance between eye and 
noetrili . 200 

Snont . . 4 00 

Intemarlal Kpaoe 3 00 

Tympaanm .. .. 1 60 

DUtuioe between eye and 
tympanum . I 00 

Arm . . . 6 00 

Width of arm 2 00 

Fore ann . . 6 60 


Locality. — Kottigehar, Kadur 
7>^— Central College, Bangalore 


mm. 

Width of fore arm 2 00 

h'iwt finger 3 00 

ttecond finger 3 60 

Third finger 6-00 

Ponrth hnger ..4 00 

Thigh . 16-00 

Width of the thigh 6-00 

Tibinm . , 16 00 

Wldtli of tibinm 4 60 

Tar«u* 6 00 

Width of metatareUH 2 25 

First toe . . 3 00 

Second toe 5 00 

Third toe . 6 60 

Fourth toe . 8 60 

Fifth too . . . 6 50 


Phtlautas melanensts, n sp. 

No vomenne teeth Mouth large. Tongue comparatively small, a 
abort conical papill* on the anterior half of the tongue Lower ]aw with a 
tttiall anterior median tooth-lihe prominence, with deep indents on each 
side 

Head rather large, depressed nearly as broad as long, or only slightly 
longer. Snout blunt, rounded anteriorly, a little longer than the eye. 
projecting slightly beyond the mouth Canthus rostralis prominent, broad 
angular. I/jreal region concave, nearly horizontal or slightly oblique, conti- 
nuous With the suborbital groove Diameter ot the eye equals the width 
of the upper eyelid Interorbital distance greater than the eye Nostrils 
nearer the tip of snout than the eye, internarial space about half or ouly 
sHghtly less than half the length of the snout. T>'mpanum distinct, about 
tWO^hlrda in the diameter of the eye, which it almost touches or inay be 
separated by a line. 

Fingers with discs which are about twice as broad as the penultimate 
^mjangenl segment, A distinct crescentic groove separates the dorsal and 
ventral pdits. First finger shorter then the second and the third twice as 
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long as the first or twice the diameter of the eye. Fourth finger equals or 
very slightly longer than the snout Subartlcular tubercles weU developed 
Hind limbs rather loi^, the tibio-tarsal articulation reaching the tip of 
the snout or beyond Heels overlap when the limbs are folded at right 
angles to the body Thigh leas than four times its own width and is shorter 
than tibium Tibium more than four times its own width First three 
toes free, a rudimentary web at the base of the fourth and fifth toes Discs 
as broad as the penultimate phalangeal segment Subarticular tubercles 
poorly developed Outer metatarsals united at the base An inner meta- 
tarsal tubercle in an extremely rudimentary condition No outer metatarsal 
tubercle No tarsal and metatarsal folds 

Upper surface of skin with or without short longitudinal folds covered 
uniformly with fine white granules These granules extend to the thighs 
and sometimes to the tibia A supra-tympamc fold Throat, chest, belly 
and undersurface of limbs and toes covered with large tubercles 

Uniform black above Anterior limbs black Thighs and tibia either 
black or pale yellow with cross bats Ventral surface of body and thighs 
yellowish Undersurface of tibia and foot, black or bronze 
Mkasubemxnts. 


From snout to vent 29 00 

Hoad . IS 00 

yVidth of bead . 12 00 

Kye 3 00 

Upper eyelid 3 00 

Interorbital space 6 00 

Dutanco between eye and 
nostril 3 60 

Snout 4 00 

Intemarial distance 2 60 

Tympanum 2 00 

Space between eye and 
tympanum . Nil 

Arm . . 8 00 

Width of arm . . 3 00 

Pore arm 8 00 

/-ocrt/ify.— Kempholey, Hassan. 


Tyj>e — Central College, Bangalore 


Width of fore arm . . 3 00 

First finger . 3 -00 

Second finger 4 00 

Third finger . . 6 00 

Fourth finger 1 • 60 

Thigh 16 00 

Width of thigh . . 4 00 

Tibium 17 -00 

Width of tibium . 4 00 

Tarsus . . . . 9 00 

Width of tarsus . 3 00 

First toe . . 3-00 

Second toe . . 4 • 60 

Third toe . . 8 00 

Fourth toe 12 00 

Fifth toe . . . . 8 26 



Oh Some New Forms of Balrachia from S Indus 413 
PhilauiM naratnensts, n sp 

No vomerine teeth, tongue small, thin, leaf-like with a conical papilla, 
rttractile sheath *lit-lilte Mouth rather small Choana broadly separated, 
situated at the extreme lateral margin 

Head depressed longer than broad, siiont acutely pointed, the prenasal 
region acutely triangular viewed from above In front, the snout bears 
pits and grooves, the latter vertically disposed, the tip of snout looking like 
a prostomeal lobe Snout projects beyond the mouth, a conspicuous 
glandular mental pad Canthus rostralis prominent, ridge-like and angular 
Loieal region concave, honzontal. confluent with the anterior rostral pits 
m front and suborbital groove behind Upper surface of the intcrnanal 
region concave, bounded anteriorly by a transverse bar of the prostomial 
lobe : eye IJ times the upper eyelid which equals the mtcrorbital space 
Snout longer than the eye and the nostrds about midway between the eye 
and tip of the snout Intemanal space wider than the interorbital width 
and equals the diameter of the eye Tympanum moderately distinct, about 
I the diameter of the eye from which it is narrowly separated 

Fingers rather short with discs which are small on the first and the 
second, larger on the fourth which is twice as wide as the penultimate 
phalangeal segment First Anger shorter than the second The fourth finger 
a httle longer than the eye A single subarticular tubercle on the first 
finger, others nearly free Grooves of the discs not clear 

Hind limb rather long, the tibio-tarsal articulation reaching beyond the 
tip of the snout Heels overlap when the limbs are folded at right angles 
to the axis of the body Thigh mote than three times as long as wide, 
tibia longer than the thigh and about o times as long as broad Toes rather 
short, discs small, Web extending upto the discs of first two toes, but 
stops at the base of the {lenultimate phalangeal bone of the fourth toe, 
and at the base of the phalangeal bone of the thud and the fifth Outer 
metatarsal free at base Subarticular tubercle feebly developed No inner 
or outer metatarsal tubercle Heel not marked, no dermal appendage 
No tarsal and metatarsal folds 

Skin smooth above and below No supra-temporal fold The place of 
dorao-lateral folds Is taken by two short folds commencmg from behind 
the eyes, terminate on the hack, a little behind the shoulder, about IJ times 
as long as the snout, and separated from each other by a space eqUal to 
the interorbital width 

Brownish red above including the limbs The anterior border of the 
thighs and the upper part of tibia very feebly banded The posterior 
border of thighs and the inner border of tibia feebly vermiciilated Throat 
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and chest buff coloured Belly dirty white. Lower surface of thighs and the 
tibia lyhitish 

'Hub species is named after my colleague Mr A Narayana Rao, who 
has added cortsiderably to our batrachian collection. 

MEASinUEVBNTS 

mm. 

From snout to vent 29 00 Width of fore arm .. 2-00 

Head 10 00 First ftnger . . . 2-00 

Width of head 7-60 Second finger .. .. 3-28 

Hiamoter of the e.vo . 3 00 Third finger (Injured in both arms) 

Upper eyelid .. . 2-00 Fourth finger . .. 3-00 

Interorbital space 2 00 Thigh . . 13 00 

Snout . . . 4 00 Width of thigh . . . 4 00 

Distance between eye and Tibinm . . . . . 15 00 

nostril 2 00 Width of tibium . . . 3-00 

Intemarial space 3 00 Tarsus . . 6-28 

Tympanum . 1-50 Width of tarsus . . . . 2 00 

Distance between tympanum First toe . 3-00 

and eye . 0 60 Second toe , 6-00 

Arm . . . . . 7 00 Third toe . . 8 00 

Width of arm 2'00 Fourth too .. 10- 75 

Fore arm . • . . 5 » 00 Fifth toe . , » 8 • 00 

Locality — Kottigehar, Kadur 
Type —Central College, Bangalore. 

Philautin longterm, n sp. 

Vomerine teeth none Tongue without papilla. Choana lai.erally situated 
Head moderately depressed, as long as broad Snout obtusely pointed, 
a httle longer than the eye, scarcely projecting beyond the mouth Canthus 
rostralls prominert I^real region stighUy concave and horiaontal Nostrils 
midway between the eye and the tip of the snout Distance between the 
nostrils equals the diametw of the eye or the interorbital space Upper eye- 
lid about I in the interorbital space Tympanum distinct, about half the 
diameter of the eye, being separated from it very narrowly 

Fingera moderately dev^ped Discs not broad, slightly wider than 
the terminal phalangeal segrment First finger shorter than the second. 
Subarticular tubercles fairly well developed. Length of arm equals the 
length of the snout 

Hind luub very long The tibio-tarsal articulation rtachir* far beyond 
the tip of the snout Heels strcmgly overlap when the Ihnbs are folded at 
right angles to the body. ‘Tibium more than four times as long as broad 
and is longer than the thigh. Tips Of toes dilated into discs, hatf-TwlAed. 
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Outer meUtarsats united at the base A minute elongate inner metatarsal 
tubercle. Subartjcular tubercles fairly well-developed A faint outer meta- 
tarsal fold. No tarsal fold 

Upper surface of the skin with faint folds Sides with short glandular 
folds, seriaUy arranged Minute tubercles occurring between the series 
Ventral surface of body and thighs smooth Upper surface of snout pale 
grey— a dark band between the nostril and eye over canthus rostralis 
lyoreal and suborbital region yellow, extending as far behind as the angles 
of the mouth. A brown mark over the supra-tympanic fol<l Tympanum 
reddish Upfier and lower jaw with dark vertical bands, the upper senes 
terminating just below the middle of the eye Interorbital space with 
a faint transverse band Upper surface of body olive brown Thighs with 
cross bars on the anterior border, the posterior border minutely marbleil 
Tibium also barred antenorly, but whitish postenorlv A dark line stretch- 
ing from heel to foot Lower surface of the body and thighs white 

MEAflUBKMENTS, 

mm. nun 

From snout to vent ..20 00 Width of fore arm 3 00 

Head .. First finger 2 76 

Width of head . . 8 60 Second finger 3 00 

Snout . . 4 00 Third finger 3 75 

Bye .. . 3-00 Fourth finger . . . 2 60 

Upper eyelid .2 00 Thigh 10 00 

Interortdtal space 3 00 Width of thigh .. 4 00 

Distance betwe«i eye and Tibium . 13 00 

nostril .. .2 00 Width of tibimn . . 3 00 

Intemarial distanoe . 3-00 Tarsus .. 6 26 

Tympanum . 1 60 Width of tarsus . . . . 2 00 

Distance between tympanum First toe 2 00 

nnd eye .0.76 .Second toe . 4 00 

. . 4 00 Third toe .. .. 6 00 

Width of anu .2 00 Fourth toe . 10 00 

Fore arm . 0 Fifth toe . . . 6 ■ 60 

icenWjy.— Kempholey, Hassan 
Type —Central Cdlege, Bangalore. 

Phtlaulus moHtanus, n sp 

Vomerine teeth absent. Tongue with a short papilla situated rather 
anteriorily and in the spint specimen retracted into a pit, strongly bifid. 

Head depressed as long as broad. Snout rounded, broadly truncate, 
not projecting beyond the mouth. Snout longer than the eye Canthus 
rosttnli# vertical, loreal region concave and horirontal Nostrils nearer to 
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the tip of »nout than to eye Internarial distance equals Uje space between 
the eye and the nostrils. Diameter of the eye equals the mterorbital width 
and 13 more than twice the tympanum Upper eyelid less than inter- 
orbital siMtce Tympanum not prominent, about half the diameter of the 
eye from which it is separated by a narrow space 

Fingers moderately long, tiiis provided with discs bearing the groove 
separating the upper from the lower portion No web Discs small, smaller 
than the tympanum, First finger shorter than the second Third finger 
longer than the snout Subarticular tubercles moderately developed. 

Hmd limb long ; the tibio-tarsal articulation reaching the eye H«la 
do not overlap when the limbs are folded at right angles to the bodv Thigh 
more than three times its width , tibium as long as the thigh and more than 
four times its own width Metatarsus equals or slightly longer than the third 
or fifth toe Toes not long, about two->hirds webbed Discs smaller than 
those of the fingers A small oval inner metatarsal tubercle present Base 
of toes united, outer metatarsal without a fold No outer metatarsal 
tubercle Subarticular tubercles moderately developed 

Skin smooth above Throat, chest and abdomen and undersurface of 
the arms and hand finely grannlate A feebly developed snpra tympanic 
fold present A faintly V-shaped fold of skin on the occiput, commencing 
from the middle of the eyelids No dorso-lateral fold 

Bright red above m the living condition, brownish red m spint, with or 
without white spots on the body Throat and upper part of chest brownish, 
speckled with white Rest of the ventral surface yellowish, the dark bands 
meeting on the anterior border of thighs give rwe to ocellus-hke spots when 
viewed ventrally A brown band between the eye-lids, faint in spirit 
Thighs barred, a single broad band on the shank Undersurface of hmd 
limbs yellow with brown marbling 

MBASURBMBinS. 


mm 

Prom snout to vent . 37 00 

Head . . . . 14 00 

Width of head . 14 00 

Internarial distance . . 3 00 
Distance between eye and 

nosUrl 3.00 

Bye .. 500 

Nostril . . . 0 00 

Interorbital width . O-OO 

Upper eyelid . . 3*00 


mm 

Width of arm . .3.00 

Width of fore arm . 2 75 

First finger . . . 3 36 

Second finger . . 4 60 

Third finger 7 -SO 

Fourth finger 6 '26 

Thigh . ..17' 

Width of thigh . . . 6 

ShMDJc 17 

Width of shook .. -.I- 


§SSS 
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Tympanum . . Vt 60 First toe . 3 60 

Distance between tympanum Second toe 6 00 

and eyp ' 1 00 Third toe , 0 00 

Ann . . 0 00 Fourth toe 12 00 

Fore arm 8 00 Fifth toe 9 00 


Loadity — Hills of Kempholey, Hassan 
Type —Central College, Bangalore 

Family MICROHYUDAE 
Kamanella minor, n sp 

Post-narial ndges strongly developed, obliquely set, meeting dorsally, 
with an extremely narrow ventral cleft. Anterior pharyngeal fold incon- 
spicuous Snout short, broadly truncated Distance between nostrils 
equals width of the upper eyelid Inrerorbital space nearly twice the width 
of the upper eyelid Diameter of the eye less than the length of the ^nout 
Canthus rostalls obtuse Tvoreal region almost vertical Distance between 
eye and nostnl equals the diameter of the c>e 

Tibio-tarsal articulation touches middle of the body Toes entirely 
free, tips almost pointed Subarticular tubercles well-developed Inner 
metatarsal tubercle conical, moderately developed Outer metatarsal 
tubercle rounded, inconspicuous When the hind limbs are folded at right 
angles to the body, the heels touch 

Fingers with triangular dilations, nearly twice as broad as the penulti- 
mate joint 

Skin smooth above, slightly pustular on the sides A fold from the 
posterior angle of the eye to the shoulder No occipital fold Lower 
surface smooth. 

Upper surface of snout olive, with a median dark band, short not 
reaching the interorbital spice Sides of the snout dark which is continu- 
ous with the dark on the sides and ventral surface of the body. A dark spot 
between the eyes on the upper surface of the head A dark broad band on 
the dorsum, flanked by olive bands The Latter do not extend to the sides 
of the body The former stojis at the cocevx. which is olive mottled, with 
dark irregular markings The anterior and posterior limbs entirely black, 
The ventral surface including the throat black The abdominal region and 
thighs bearing white spots. 
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M£A8t7SXia»TS. 


Diamet^ of the eye . . 2 -OO 

Length of <tnout . . 2 76 

Distance between the 

nostrils . . 1 50 

Interor^ltal width 
Distance between eye and 

nostril . 2 00 

Vlrst tne . 2 00 

Second too 4-00 

Locality — Saklespuf , Hassan 
fype —Central College, Bangalore 

Itamandla tnangularts n^feetntns, n var 

In the plantam gardens behind the houses m Saldespttr, there is a small 
variety of R tnaniularis, occurring fairly in large numbers These are 
found in the whorls of the leaf stalks, and are mostly solitary This variety 
possesses the power of climbing smooth surfaces like R vantgaia 

This variety differs from the R tnai^ularis in two characteristic* 

1 The snout is pointed, tips obliquely truncated, prominent 

2 Tibio-tarsal articulation stands well behind the shosilder. 

In regard to colour, almost every specimen in the collection bears an 
occipital dark band continuous at the sides with the tympanoloreal band 
This cross band may or may not be continuous with the dorso-median band. 
Even m the spirit specimens, the lower surface is reddish (in the hvii^ 
state, the red is bright and warm) which extends over the undersurface 
the anterior and posterior limbs The ventral white spots are confined to 
the abdomen and the lower surface of thighs. A short dark streak on the 
rostniiii is always present The olive is replaced In this variety by grey. 
Limbs barreil with dark red 

Ramamlla triangtOans of the plauis is not met with in the Uakiad areas 
and it is represented by this local variety which may be designated Rmt~ 
ntlla triangularis rufmentris 

Length 22 mm. Specimens, Central College, Baagakne. 
iocalffy.— Mudigere, Kador, Saklespur, Hassan. 


Third too .. .. «-6u 

Vourtbtue .. *•00 

Fifth toe .. .. « 00 

Thigh across the autenor 
border .. .* 7-00 

Thigh across the anterior 
border rentrally *. 9 >00 

Shank .. 9-76 

Tarsoi .. 5-(f0 
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Ramanella mormorata, n s]i 

Po.<t-choanal ndges transvenelv disposed, well developed . a btoad 
medinn gap between the two ndges The antenor pharynge.il ridge stronglv 
arched, the limbs dilated into thick lateral swellings The fimbriae of the 
postenoT pharjngeal ndges not consincuoiis Snout short, truncated, not 
prominent, as long as the diameter of the eye Canthus rostralis rounded 
Loreal region oblique Rostrabs rounded Inter-orbital space much 
broader than the upper eyelid which equals the intemanal distance 

Fingeis with wide tnangiilar dilations, which are twice as large as the 
jicnultiniate joints 

Toes ending obtusely, with a susjncion of a web at the base , sub-arti- 
cular tubercles moderately dcvelojied Inner metatarsal tubercle shovel 
shajicd Outer metatarsal tubercle well developed, conical, situated at tlic 
base of the fifth toe Tibio-tarsal articulation docs not reach the shoulder, 
but stands well behind the axilla Heels stand apart when the hind limbs 
are flexed behind at right angles to the body Skin on the ujiper surface is 
warty m the young specimens, tubercles becoming confined to the posterior 
half of the body, sometimes extending to the dorsal surface of the hind 
limljs in the mature forms I^wer surface perfectly smooth Supra 
tympanic fold inconspicuous. No m'cipital fold 

Immature specimens pale olive or jiale reddish brown above Mature 
ma’es bright reddish brown above , mature females deep olive above A dark 
broad band between the eyes, sometimes involving the lids Snout bearing 
a triangular or V-shaiied dark mark A broad angular dark band between 
the shoulders Behind this region, dark sjwts or irregular markings in- 
variably occur which may sometimes extend to the sides No lateral dark 
bands on the body I,,oreal region free Limbs bright yellow or deep olive 
green according to the sex The jiosterior border of the arm bears a dark 
band Fore arm, hand, fingers, thigh, shank, tarsus, foot and toes barred 
The crural band usually extending into the groin, may be reduced to a spot 
continuous with the prevailing colour of the upper surface Lower surface 
including the throat and the limbs beautifully marked m the male with 
vellow and reddish brown and in the female with dark blue and moss green 
Meabuhbmemth 
mm 

Diameter of the eye 3 00 Thigh 

Distance between eye and Width of thigh 

nostril . a 76 Shank . 

Snout . 3 00 Width of shank 

B6 
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Internarial diutence . 2-00 Tmsiw . ,.400 

Interorbital ipace . ■ 3 li Width of tanas . . . . 2 00 

Upper eyelid 2 00 Width of foot 3 • 00 

Upper ami ^ First toe . . 2 00 

Fore ami • • 0 00 Second toe . . 4 25 

First finger 2 50 Third toe . .. 0 00 

Second finger .3-00 Fourth toe . . 8 60 

Third finger . 6-00 Fifth toe . O-OO 

Fourth finger 4 26 ToUl length .,26 -00 

Locality. — Saklespur, Hassan District, Mysore 

Type —Central College, Bangalore 

Remarks — The specimens were found in the whorls of the plantain 
leaves They usually occur sohtary. Occasionally two or tliree specimens 
may tie found together in the same cramped space 

Ramanella anamalatensis, n sp. 

Post-narial ridges incompletely developed, that on the nght-side is 
absent Post-pharyngeal ndge fimbriated Snout broadly triangular, 
truncated Head depressed Diameter of the eye greater than the length 
of the snout luterorbital space twice the width of the upper eyelid 
Distance between the eye and nostril equals width of upper eyelid Inter- 
narial distance slightly more than half the length of the snout Canthns 
ro.strahs rounded Unreal region oblique Supra-tympanic fold present 
No occipital fold Tips of fingers truncated, not discoidal, about the same 
width as the penultimate joints Fore arm slightly longer than the third 
finger and twice as long as the first Toes perfectly free, ending obtudely 
Thigh idightly shorter than the third toe, shank shorter than the fourth toe 
Shank more than twice as long as wide Inner metatarsal tubercle modera- 
tely developed, shovel shaped Outer obtusely conical placed between the 
ba.ses of the fourth and fifth toes Sub-articular tubercles moderately 
developed Tibio-tarsal articulation reaches the shoulder Heels do not 
touch when the legs are folded behind the vent at nght angles to the body 
Upper surface of the skin warty Tower surface smooth Bright 
olive above with a broad dark median band commencing from behind the 
occipital region and extending upto the coccygeal region , behind this band 
a few irregularly shaped black-markings Bewteen the eyes a squarish dark 
mark and on each upper eyelid a dark spot Upper surface of the snout 
ohve I,oreal region and sides of body reddish brown. Upper surface of 
arms olive blotched with browm. Fore arm reddish brown Upper surface of 
thighs and shanks reddish brown, throat and abdomen and lower surface 
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of limbs paJe brown, A ftw indisrinct white spots on the bcHv 
and foot brown 

MWABUttKMENTM 


Diameter of Iho eye 
Snout . . 

Interorbital space 
Upper eyelid 
Distance betwwn nostrils 
Distance between eye and 
nostnl 
Ann 

Fore arm 
First finger 
Second finger 
Third finger 
Fourth finger 
Thigh • Ijength 
Width 


4 00 
.3 00 
4 26 
2 00 

1 76 

2 00 
e 00 


7 60 
6 60 
7 26 
6 60 


Sliank . Length 

Width . 

Tarsus Lengtli . 

Width 

First toe 
Second toe 
Third toe 
Fourth lo<- 
Fifth toe 

Hroadesf, part of tlie foot 
(between Slid and 5th 
toes) 

Total length 


Loeij/ify — Base of Anamalai Hills, Coiinbnlorc Distmt 
Type —Central College, Bangalore 


0 50 
4 00 
0 00 
,1 00 
2 00 
4 00 
7 7.5 
110 
0 50 


t 00 
2S 00 


Tadpolbs 


Phtlautus leucotflincus 

These tadpoles are small Head and body rather narrowly oval 
Upper surface convex, ventral rather flat The snout is rounded and slopes 
down Diameter of the month smaUer than the convex interorbital space, 
which IS as wide as the intemasal breadth Nostrils nearer to the eyes than 
to the tip of snout Eyes and noslnls dorso-htcral Spiracular tube short, 
not prominent Spiraadar onfice directed upwards and backwards nearer 
to the eye than to the root of the hind limbs Mouth disc provided with 
upper and lower lips The, latter is notched in the middle Both lips and 
lateral lobate borders fringed with painllie The upper beak with a smooth 
border, the lower with u serrated margin No teeth The tail is long The 
upper hn commences fat beyond the root of the tail, and is stringly arched 
The ventral fin commences well behind the dorsal and has a straight border 
The dorsal fin is deeper Tiii of tail pointed 1118 limbless forms have an 
yellow dotso-median area, which in the preorbital region becomes white 
whkh is characteristic mark of the adult Sometimes a brown dorsal band 
Sides and belly blackish. Throat whitish, muscular part of the t.-nl ycllownsh 
with black mirks. In the four-legged forms, the colour becomes umformly 
B«a 
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rwfous, tht snout remaining whitish The dark dorsal band becomes more 
marked Anal tube dextral 

MEASiniEMBMTO. 


Total length . .26 00 Breadth of body .. 5 SO 

I/ongth of head and body 9 00 Depth of body . . 4 00 

Length of tad . . 17 00 Depth of tail . . . . 3 76 

Locality — Streams of Kempholey, Hassan 
Phtlaulus hypomela’i 

These tadpoles have an elongated body, and are not large The head 
and body are elliptical Snout broadly rounded, mouth ventral Hind end 
of body more or less tajiering Both surfaces of body convex Mouth smalt, 
shorter than the interorbital space Intcmasal width slightly greater than 
the interorbital breadth Eyes and nostrils dorso-lateral Spiracle broad at 
the base, directed upwards, onfice dorso-latwat, nearer to the eye than to 
the root of the hind limb Mouth disc small, provided with well-developed 
upper and lower lips The latter multilobed The lower hp and the lobate 
sides are free from papillce which occur only on the upiier hp The inner 
border of the lower lip with a crenulatc edge The upper beak is smooth, 
the lower serrated No teeth The tail is well developed The upper fin 
begins well behind the root of the tail. Both fins are of equal depth and are 
broadly curved Tip of tail tainted .Skin smooth Upper surface of the 
body purplish or reddish brown Preorbital region of the head transparent 
Throat whitish Belly black Muscular part of tail reddish, with black 
markings Vins grev Anal tube dextral 

MUABUSEHEirTS 


Total length 32 .00 Breadth of Body 

Tiength of head and body 10 00 Depth of body 

Length of tad . 23 -00 Depth of tad 

Locality — .Streams of Kempholey, Hassan 


The tadpoles are not large The head and body rather elongated and 
narrowly oval Both surfac*es are convex The snout is rounded, slopes 
downwards Dorso-median line grooved m some cases Mouth small, 
shorter than the interorbital space which equals the mternasal width 
Eyes and nostnis dono-lateral Latter nearer to the eyes than the tip of 
the snout Spiracle tubular, lateral pointiug backwards Spiracular tycn- 
ing nearer to eyes than the root of the hind limbs. The mouth disc is 
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small Both lii>s well developed Upper fringed ivith papill* Sides lobate, 
borders with more than one row of papillie Lower lip provided with three 
lobes, covered with numerous papilla Upiier beak broadly V-shaped with 
a serrated border No teeth The tail is long and powerfully develojicd 
Tlic dorsal and ventral fins attain maximum depth in the jiostenor half of 
the tail The muscular portion broader The dorsal fin does not extend 
beyond the root of tail Tail pointed Anal tube dextral Skin smooth 
Upper surface bright jellow, with dark irregularly distnbuted dots, The 
muscular part of tail yellow with clusters of black spots, sometimes running 
tc^ether to form bands Under surface of body white Caudal fins grey 
Measueemejits 

nim mm. 

Total length . . 32 00 Greatest width of body 11 00 

Length of head and body 12 00 Greatest depth of body » 00 

Tjength of Tail 21 00 Greatest depth ot tail 8 00 

Locality — Streams of Kempholey. Hassan 
Philautus pulcher 

The tadjioles are comparatively small Head and body narrowly oval, 
moderately flattened above and below In a few cases the upper surface 
IS convex The snout is rounded, sloping downwards Diameter of the 
mouth about J in the interorbital width, which is broader than the inter- 
orbital space Eyes dorso-lateral Nostrils iioint upwards, nearer to the 
eyes than to the tip of snout Spiracle distinctly tubular, directed upwards 
iipiracular orifice nearer to the eye than to the root of the hind limb. The 
mouth disc is small Upper lip not developed, but bears n lobe pro\ided 
with a double row of papillate border vSidcs lobate, lower lip multilobed, 
both bearing minute iwpillae The upper beak broadly crescentic with a 
smooth border, lower seriated Tail strongly developed Upiier fin commences 
well behind the root of the tall, both fins are well developed and are of the 
same depth The upjier broadly arched, the lower being nearly straight 
Tip of tail pointed Skin smooth Upfier surface of head and body slate 
coloured Undersurface grey Muscular part of tail >’ellow, w'lth black 
markings, running into longitudinal or vertical streaks Latter marking 
prominent in the hinder half of the taU Anal tube median 
Measurements. 

mm. ram. 

Total length 27 00 Width of body . . 6 00 

Length of head and body 9 00 Depth of body 4 00 

Length of tall . 18 00 Depth of taU - . 4 00 

Locahfy — Streams of Kerapholey, Hassan 
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PhtUitUus vartalths 

The tadiKiles are of moderately large sim, the head and body being 
oval Dorsal surface slightly flat, ventral distinctly convex The snout is 
rounded, sloping down Mouth ventral Nostrils nearer to the tip of the 
snout, internasal space almost equal to interorbital widtJi, eyes dorso- 
lateral. nostrils point upwards. Eyes nearer to the tip of the snout than 
to the spiracular opening The spiracle is lateral, siristral, orifice directed 
upwards and backwards Mouth disc small, surrounded by broad lobes 
fringed with rows of papillae The upper lip has two rows of papilla: The 
lower hp is divided into four lobes, the hinder border bearing small papiUie 
The upper beak is broadly U-shaped and the lower V-shaped, having 
a serrated margin Dentral rows absent The tail is well develoiied The 
upper lobe does not extend beyond the roof of the tail The upper fin is 
deeper than the lower, but less deep than the muscular part Tip of tail 
pointed Skui smooth, dorsal surface yellowish, with numerous dark dots 
'ITie muscular part of tail yellow with dork irregular blotches .Sometimes 
the inferior border of the lower fin, may bear fine black dots, confined to 
the jiostenor division No preorbital .iiid fiontal glands No sensory pits 
Mkabueements 


Total length . 40 00 Breadth of body 

Length of head and body 1.1 00 Depth of body 
Length of tail . 27 00 Depth of tail 

Locality —Streams of Kerapholev, Hnssan 


8 00 
0 50 
5 00 


Rana auranltaca 

These tadpoles bv their uniform brown colour are apt to lie 
mistaken for those of Bufo, and it is interesting that the larv» of Rana 
auranltaca the adult of which is beautifully coloured, are so drab The 
sixe of these tadpoles, their oral and caudal characters, distinguish them at 
once from the larvae of Bufo 

'The tadpoles arc of modeiate siie Head and bodv oval, not flattend 
dorso-veiitially, both surfaces being convex Snout rounded, nioutli small, 
ventral Eyes dowal or dorso-lateral Nostrils fiointing laterallv Width 
of mouth equals or less than the interorbital width which is broader than 
the iTiternarial spaces Nostrils equidistant between tip of snout and eyes 
Spiracle lateral, simstral, somewhat broadly tubular, pointing slightly 
upwards The mouth disc is small, lower lip better developed The upper 
free from papillre which occur on the sides and on, the outer borders of the 
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lower Hl>. with a distinct median space free from iiapiUaj The npi)cr beak 
is broadly crescentic with a smooth border, the lower is broadly V-shaped, 
finely serrated Dental formula | The tad is broad The dorsal fin extends 
beyond the root of the tad Both fins are almost equal, but slightlv 
deeper than the muscular jjortioii Pointed at the tip Anal tube shghlK 
dextral Both surfaces of the body and the muscular portion of the tad 
uniformly brown Tail fins lightly coloured 

MfcASimS.Mk.M’f' 

Total length . 31 00 Greatest width of bod\ 

U-nglli of head and body D! 00 Greatest depth of body 

bength of tad 10 00 Greatest depth of tail 

The tadpoles live near the water margins on the tanks at the 
hills and occur in small numbers Mostly they rest on the flof.i 
Locality —Bose of Anam.dai Hdl«, Coimbatore Distnct 

Bufo breviroslrts 

Uenerally speaking, the tadi>oles of the genus Bufo are tomparativelv 
small and those of B brevtroslns are e’ttremely so These were taken from 
ram water pudtiles from which the adults were obtained Besides these 
tadfioles those of B meknodtetns and B rnitrolympanum also were collected 
from the same situation It is interesting to note that the shoals of tadpoles 
belonging to the difterent species keep together separately and it is this 
tlistmctive feature of their habits that led to their examination I.ike the 
other members of the genus, the body is obcordate the greater width being 
at the pectoral region The snout slopes and is rounded The diameter 
of the mouth equals or is greater than the interorbital space The eyes and 
nostrils are distinctly dorsal, looking upwards Interorbital width (I D mm ) 
IS greater than the mternasal space (I -0 mm ), the nostrils nearer to the eye> 
than to the tip of the snout Upper Iq) devoid of papdlte which fringe the 
sides and the outer borders of the lower lip Both lips are equally devclo])ed 
Dental formula 1 J The second senes in the uiJiicr lip is interrupted in 
the middle, the three lower senes are coiitiiiiious almo«t equal to one another 
The jaws are finely serrated Skin smooth A jiau of jireorbital glands 
present .Sensory pits on the back absent A frontal gland is prominent 
Spiracular tube opens slightly dorsalward situated about the ruddle of 
the body, not visible from below Length ol tail about 3^ times its total 
leiqtth Both fins are poorly developed, the dorsal being slightly arched. 


B 75 
5 75 
7 BO 
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Tills of tail iiointcd The colour of the dorsal surface is brownish Under- 
surface uniformly whitish Kins of tail grey 
Mrasurkmemth 

Total length 13 00 Masimiiiii breadth of bodv 3 76 

Length of hciwl and body 0 00 Maximum depth of body 2 75 

Length of tail 7 00 Maximum depth of tail 2-00 

'J'he tadpoles of this siiecies of Bufo can be easily recognised from the 
other described forms bv the or.-il papilla* and serrated jaws 


EXPLANATION OF FIGURES 
Fid 1. Eana ^ramfrilMlamaHa, actual >ize. 
Flo la Side view ol head X 2 
Fic lb Undersurface of hand x 2 
Fig 2 Raita iMcarhyncus x 2 
Fig 2o Side view of head x 2 
Fig. 3 Rana tHtermtdms x li 
Fig 3a. Side view of head x 1 1. 

Fic 4 Rana taunteps x 2 

Fig 4a Side view of head x 2 

Fig 4(i Undersurface of hand x 3 

Fig. 4f. Foot x 3 

Fig S Rana Ifnmimgua x 3 

Fifl So. Side view of head X 3 

Fig, 6 Nyctibatrachus sylvaliem X 1 1 

Fic 6o Side view of head X .1 1. 

Fie 7 Pfannobatraehm ktmpholeycmu X 3 

Fig 7u Side view of head X 3 

Fig 8 Bujo brevirafiris X 2 

Fig 8o Side view of head X 2 

Fig 9 PMaulus chanut X 2 

Fio 9o. Side view of head 

Fig 10 rktiaulut titgant X 3. 

Fic. 1 1 PHilaulm iolligeharentit x 2 
Fig 11a Side view of head X 3. 

Fig 12. Philaulnt tu/amumus X 2. 

Fig 12a. Side view of head X 4. 

Fig. 13 Phihulus mehnensu X 2 
FiG 13a Side view of head x 2 
Fig 14 Phtlanlns tutrainemts x 2. 

Fic. 14a. Side view of head x 3. 
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Fir, 15 Philautus longicrut x 2 
Fia ISn Side view of head X 3. 

Flc. 16 Phtlauliit montanus x If 
Fir I6ii. Side view of head x 2 
Fia 17 KamaHella minor x 3 
Fir. 17fl Side view o£ head X 3 
Fic 18. RamanfUa Iriaugiilaris rutuvnlrii X 2 
Fio. tSfl Side view of head x 3 
Fm. 19 RamaHalla mormorata X 2 
Fig. ISn Side new of head X 3 
Fio. 20. Ramanella anamalaunsis x 3 
Tadpole- 

Tic 21 Philaiilus Uucorhyiii us X 3 

Km 21« Mouth disc X 5 

Fm 22 Philautus hy Pamelas x 3 

Fig 22a Mouth disc X 10 

Fio 23 Philautus nastultis x 3 

Fig 23a. Mouth disc x 10 

Fio 24 Philaulut pulcher X 3 

Fig 24a Mouth disc X S 

Fig 25. PHilaultis taiiabilis 2 

Fio. 25o Mouth disc X 10 

Fm 20 Raita aurantiaca X 3 

Fio 26(1 Mouth disc X 10 

Fic 27 Bufo brevirostris x 5 

Fm 27a Mouth disc X IS 



ON THE OCCURRENCE OF WINGED SPORES IN THE 
LOWER GONDWANA ROCKS OF INDIA AND 
AUSTRALIA. 


Bv Mjss Chinna-Virkm, B A , M Sc 

(Krtfarrh Fellow, Defarlmciil of Bolaitv, LKcknotv f/iiiirr«(v ) 

Received December 27, 1937 
(Communicated by Prof B Sahni, r»'i) 

During an investigation of fovsil cuticles from some carbonaceous shales in 
the Dower Gondwana rocks of the Salt-Range, Punjab, numerous spores 
were diseo\ercd, some winged, others imwinged Some of the tw'o-wingcd 
spores showed a striking resemblance to Professor Seward's Pif>os^or*f«s 
antarcticus which was suspected by him to be a pollen^rain of Glowptms “• * 
Two ot these simres are shown in Fig ^A,B 'flic wings m both the 
spores are reticulately marked and are of the same bue measuring about 37 f 
Tlie strijied bfxlv in each slightly differs in size — A measures about 4 fi 
and B about 40 

The geological section from which these and other sjwres were obtained 
IS a tnneal I/OWtr Goiiilwana section with the Takhir Boulder bed at its 
base, and it includes more than one horizon containing Glossopterts, Ganga- 
mopUnt, and other forms The first sjiores were found in some sjiecimens 
presented to Professor B Sahiii bs Mr R R Gee of the Geological ,Sur\’ev 
of India bubseijuenth similar sjiccimens w-ere collected by myself at the 
same localits ’ 

After this a piece of shale from the Permo-Carboniferous rocks of 
Newcastle, New South Wales, was examined for cuticles as well a.s sjwres 
Tills shale is so rich in the fronds of Glossopterts Browntana Brong that 
rarely a bare face of the rock is exixwed Though 1 did not succeed m 
obtaining good sanijiles of cuticles, numerous two-wmged pollen-grams, all 
showing a general resemblance with Ptlyosponles antarcitcus were found, 
some in groupis, but chiefly lying free A few spores were even seen adhering 
to small pieces of cuticle (see Fig 1 C, D) No clear evidence of sporangia 
13 available Some of thc-se Australian spores are shown in Figs 1 and 2 
lying in different jastures, mostly dorsal, but rarely lateral, ventral and polar 

There are two sizes of sjioies represented in these figures The smaller 
size (Fig 1 A-C, Fig 2 A-D) possesses reticulately marked wings, about 
27 n across, which in some siwres appear to be uniteil on the dorso-lateral 

428 



Cam«r»-lucid» drawing* of Pilwporttet Setvardi sp. nov Permo-Carliomferous 
of Newcastle, NSW, Australia From a piece of shale crowded witli Glossopti.ns 
Brawmaua Brong 

A, Pilyntporilft SnuarJi $p nov Uteral view of the spore m Fig 1 . 1 x 980 

B P Scivardi sp nov The union of the two wings on the dorso-lateral side r/ spore, 
in Fig I.B X 980 

C P Staiardi sp nov. Dorsal view Striped body seen above and the wings below 
X 980 

D P Setvarii sp nov Ventral view showing the two wings x 980 
side (Fig 1 B, Fig 2 B) The bod\, with a rtlativilv thick wall, mp.isiircs 
about 36/1 in diameter, and shows a nnmixr of wtll-marked liorizontal 
stripes (Fig 1 A, Fig ^A.C) On the other hand, the wings and the bod> 
of the larger spores (Fig 1 D-F) nu-asiirts about .30/* and 50/* respectively 
In their striped body and reticulate W'lngs these larger, lighter coloured 
spores show almost identical structure with the smaller ones Even in li\ mg 
plants it is not uncommon to find different sizes of spores within the same 
sporangium That the difference in preservation mav also be responsible for 
this difference in size seems not impossible Howeecr, after a careful 
examination of a large number of these spores I am inclined to refer them 
provisionally to two separate sixtcies 

The parentage of none of these spores, Indian or Australian, can be 
deteimmed with certainty The circumstantial evidenc-e, however, stronglj 
favours the view that they both represent the pollen-itrains of Glossopteris 
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The Newcastle spoies were obtained from the surface of the cuticle of 
GlossopUns Browmana Bronj; . from a shale which consists solelv of fronds 
of this species . maceration of the rock matrix did not > ield spores The 
spores were obtained in hiindrcrU from a small bit of this shale As stated 
above thev shoe' a striking resemblance with Ptlyosporiles anlarcttcus, As 
already stated, si>ores of a similar though not identical kind occur in the 
Permo-Carboniferous rocks of the Salt-Range, again in association with 
Glo'isopttri^ I^astlv, from Profe-ssor Seward's paiicr* it appears that 
Hanisliaw Thomas lia* found evidence of winged siiores of Glossopterfi in 
South Africa If his spores too resemble the others it can be said that 
winged spores of the general Ptlyospontes type occur m tlie Glnsfnpterts- 
beanng rocks in widely scattered parts of Gondwanaland, namelv, Antarctica, 
South Africa, India and Australia 

It must, however, be mentioned that the possibilitj of these spores being 
other than those of Glossoptens cannot be overlooked No organic conti- 
nuity IS seen between the frond and these spores Nor is there any clear 
evidence of the sporangia which must have c'ontained them Unless more 
light IS thrown m this direction it cannot be said with any certainty that 
tiieae are the pollen-grams of Glossopierts But on the evidence available 
at iircsent one is inclined to believe that these winged pollen-grams most 
probably belong to Glos\opUrt% and that Professor Seward’s unfortunate 
PityosporUes antdrcticu',, which met with adverse criticism, is after all 
u pollen-gram and most probably of Glossopierts I have pleasure m naming 
the Australian spores of the smallet size shown in Fig 1 A-C, Fig 2 A-D. 
after the discoverer of the antarctic pollen-grain, as Ptiyosponlts Swardi 
sp nov 

A detailed description of all these sjwres and others, both winged and 
unwinged, found m the bow-er Gondwana rocks of tlie .Salt-Range, will 
api>enr in a subsoiucnt \)aper 

I wish to express my grateful thanks to Professor B Sahni, K R s , for 
his readv help, invalnuble criticism and never faihng encouragement 
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EXPLANATION Ol- PLATE 

Fic 1 Untouched pbotogr»ph» of Pityosponles ^ftnirdi *p iiov and Pilvoiponles »p. 

(larger sporea> Pcrmo-CarboiiiferoiM of Newcaafle, NSW, Australia From a 

ptccc ihiile crowded with Clossoptertt BrttUfniana Brong 

A Ptlyasportlti SfZi’ardi «p nov Lateral view with the two wings attached to the 
striped body X 400 See also Fig 2 A 

Li P S, wardi sp nov The onion of the two wings on the d»rso lateral side x 400 
The same spore Is drawn in Kig 2 S 

C P Sfteardi sp nov Adhering to a piece of cuticle of G Brawiiiaiia Brong X J40 

D p.tjosporilrs sp Adhering to the same piece of cnliele a. C. mostly showing their 
dorsal aspect x 340 

V Pityosporilea nf The one on the right side shows the two wings attached to the 
strip^ body x 400 

F Ptlyniporilfi sp Ventral view. X 400 

Fic 3 A, B Ventral vie » of the fwo-wingeil spore, with striped body and retiiulate wings 

' From a honion li ft above the Talchir Boulder Bed Ixic Katliwai, Salt- 
Range. Punjab X 180 (Colt C Virkki) 
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